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PREFACE. 



In preparing a new and revised edition of the Bndimeniary 

work of Mr. C. Wye Williams on Coal and its Combustion, 
it has been judged advisable to condense this osefdl treatise, 
to a eonsiderable extent, by omitting tautological and irrele- 
vant matter, thus enhancing the valae and utility of the 
remainder. Mr. C. W. Williams has, in his day, done oseM 
work ; if in nothing more than his persistent entineiation of 
the cardinal principle that, in order to complete the combus- 
tion of coal, and prevent the formation of smoke, the 
elements, gas and air, must be thoroughly and promptly 
intermixed. The absolute necessity of such perfect inter- 
mixture is now — thanks to the assiduity of that great apostle 
of smoke-prevention — ^well onderstood and appreciated. 

In the second part of this book, I have endeavoured 
saccinctly to summarise the more recent results of progress 
in the combustion and economical use of fads. I have 
prefaced the matter with a few chapters on the composition 
and combustion of various fuels now in use. The results of 
the combustion of coal on ordinary grates under ordinary 
boilers, under various conditions, are exemplified ; with 
extended notices of the important series of experimental 
trials of steam-boilers with coals, conducted by Mr. James 
A. Longridge, at Newcastle-on-Tjme, and by Mr. Lavington 
E. Fletcher, at Wigan. The principles and employment of 
gas-furnaces — ^the furnaces of the future — are treated at con- 
siderable length, in view of their importance in the practical 
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arts. It is hoped that the reader may trace the development 
of the gas-furnace in these pages with as mneh interest 
as I have experienced in writing on it. This admirable 

application of science for the generation of heat, culminated 
in that marvel of applied science^ — ^the regenerative fdmace 
of Siemens. In this Aimace are happily combined the four 
elements of success, — fuel gasefied, spare heat economised, 
air heated, and intermixture of the elements completely 
effected. The less ambitions furnaces for heating and pud- 
dling iron have been illustrated and described with a con- 
siderable degree of detail ; together with the unique and 
interesting results of Mr. Orampton's applications of powdered 
fiiel. 

D. £. CLABE. 

8^ BuoxiNOHAM Stbekt, Adblfhi, LOVDOIC. 
June, 1880. 
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PREFACE TO THE FIRST EDITION. 

Being much interested in the improvement of steam-vesselB, 
from my connection with several steam navigation com- 
panies, and having had a longer and more extended expe- 
rience in the details of their building and equipping than, 
perhaps, any individual director of a steam company in the 
kingdom, my attention has been nnintetniptedly given to 
the subject since the year 1828, when I first established a 
steam company, and undertook to have the ^st steam-vessel 
eonsiracted capable of maintaining a commeroial interooorse 
aerosB the Irish Channel, daring the unnier months, and 
which, till then, had been considered impracticable. 

The result of this long experience is the finding, that, 
notwithstanding the improved state to whioh the constnie- 
tion and appointments of the hull and general machinery of 
steam-vessels have arrived, great uncertainty and risk of 
fiulure still prevail in ibe use of fud and the gmieraHon of 
iteam. 

It is true, the engineer, who undertakes the construotion 
of the engines, also undertakes that the boilers shall provide 

a sufficiency of steam to work them ; but what that suffi- 
SMiMy means has aot been decided ; and» in too many 

B 2 
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4 COMBUSTION OF COAL AND SMOKE PREVENTION. 

instanceB, the absence of some fixed data on the subject 
leaves the evils of a deficiency of steam or a great expendi- 
ture of fuel unabated. 

So long as the operations of steam-vessels were confined 
to coasting or short voyages, the consequences of these 
defects in boilers, as regards the quantity of fuel, were a 
mere question of pounds, shillings, and pence. When, 
however, those operations came to be extended to long sea 
voyages, these consequences took a more comprehensive 
range, and involved the more important question, whether 
such voyages nme praetieahle or profitable. 

From being so deeply interested in the improvement of 
this department of steam navigatioii, I have watched, with 
no small anxiety, the efforts of the engineers to arrive at 
some degree of certainty in what was admitted, on all hands, 
to be the most serious drawback to the successful application 
of steam-vessels to long sea voyages. I perceived the 
absence of any well-founded principle in the construction of 
the boiler — that the part on which most depended appeared 
least understood and least attended to, namely, the fumaee^ 
and that this was too often left to the skill (or want of it) of 
working boiler-makers. I saw that, although the great 
operations of combustion carried on in the furnace, with all 
that belongs to the introduction and emplo3rment of atmo- 
spheric air, were among the most difficult processes within 
the range of chemistry, the absence of sound scientific prin- 
ciples still continued to prevail ; yet on these must depend 
the extent or perfection of the combustion in our furnaces. 

Years were still passing away, and while every other 
department was fiist approaching to perfection, all that 
belonged to the combustion of fuel — the production of 
smoke— and the wear and tear of the furnace part of the 
boiler, remained in the same stattis quo of uncertainty and 
insufficiency ; and even that boilers and their furnaces, con- 
structed within the last few years, exhibit still greater 
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violations of chemical truths, and a greater departure ixom 
the principles on which Nature proceeds. 

In the proper place I will show that, of late years, as 
much uncertainty as to the success of a new boiler has 
prevailed as when I first began operations, thirty years ago ; 
and that few boilers, for land or marine engines, exhibit 
more in the way of effecting perfect combustion or economy 
of fuel than those of any former period since the days of 
Watt. 

I do not affect to give any new view of the nature of 
combustion. What I take credit for is, the practical appli- 
cation, <m the large scale of the fumaee, of those chemical 
truths which are so well known in every laboratory. I also 
take credit for bringing together the scattered facts and 
illustrations of snch anthoritieB as bear on the subject before 
us, and so applying them as to enable practical men to 
understand that part which chemistry has to act in the 
construction, arrangements, and working of our boilers and 
furnaces. 

0. W. WILLIAMS. 
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CHAPTER L 

OF THE CONSTITUENTS OF COAL, AND THE 
GENERATION OF COAL GAS. 

In the following treatise I do not undertake to show how ths 
gmoke from coeIb can be burned; but I do imderlake to show 
how eoah may be burned without moke ; and this distmction 
involves the main question of economy of fuel. 

When smoke is onoe produced in a fbmace or fine, it is as 
impossible to bum it or convert it to heating purposes, as it 
would he to convert the smoke issuing from the flame of a 
candle to the purposes of heat or light. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, wc also find the flame itself dull and 
mnrky, and the heat and light diminished in quantity. Do 
we then attempt to bum that mokef No; it would be 
impossible. Again, when we see a well-adjusted Argand 
lamp burn without producing any tmoke, we also see the 
flame white and dear, and the quantity of heat and light 
increased. In this case, do we say the lamp burns its smoke? 
No ; we say the lamp burnt without moke. This is the fact, 
and it remains to be shown why the same language may not 
be applied to the combustion of the same coal and the same 
gaSy in the furnace, as in the lamp. 

In a treatise purporting to describe the means of obtaining 
the largest quantity of heat from coal, the first step is an 
inquiry into the varieties of that combuBtible and its respec- 
tive constituents. 
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The classification of the variouB kinds of coal, the deiaili 
of an elaborate analysiB, made by Mr. Thomaa Eichardaon, 
with the aid of Professor liebig, are as follows ;— 



BpecieB 01 LrOEi. 


1 all V 




TTwdrMKn 


'Azote and 
Oxygen. 


Sphut • . 
ft • • 

Oaimei . . 

» • • 
Cherry • . 

CSaking • . 


Wylam . . 
Glasgow. . 
Lanoaflhire . 

Edinburgh . 
Newcaatle . 

Glasgow. . 
Newcastle . 
Durham . . 


74-823 
82*924 
88-r68 

67-597 
84-846 
81-204 
87-952 
83-274 


6180 
6*491 
6*660 

5-405 
5-048 
5-452 
5-2:^9 
5-171 


5 085 

10- 467 
8*089 

12-432 

8- 430 

11- 923 
5-416 

9- 036 


13*912 

1- 128 

2- 648 

14-560 
1-676 
• -421 

1- 393 

2- 519 



The most important. feature in reference to this analysis 

is the large proportion of hydrogen which all bitnminous 
coal contains, and which may be estimated at 5^ per cent. — 
hydrogen being the main element in the evoWed gas, and by 
the combustion of which flame is produced. 

We knowy scientifically^ that carbnretted hydrogen and 
the other compounds ot carbon reqnire given quantities of 
atmospheric air -to effect their combustion ; yet we adopt no 
means, practically ^ of ascertaining what quantities are sup- 
plied, and treat them as though no such proportions were 
necessary. We know, scimtifieally, the relatiye proportions 
in which the constituents of atmospheric air are combined ; 
yet, praeUcaUyf we appear wholly indifferent to the distinct 
nature of these constituents, or their effects in combustion. 
We know, scientifically ^ that the infiammable gases are 
combustible only in proportion to the decree oj mixture and 
union which is effected between them and the oxygen of the 
air; yet, practically ^ we never trouble our heads as to 
whether we have effected such mixture or not. These and 
many similar illustrations exhibit a reprehensible degree of 
carelessness which can only be corrected by a sounder and 
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more soientifie knowledge of the sulgect ; and this can only 

be attained through the aid of chemistry. 

The main constituents of all coal, as we see in the preced- 
ing table» are carbon and hydrogen* 

In the natural state of coal, the hydrogen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentially different ; 
and to our neglect of this primary distinction is referable 
much of the difficulty and complication which attend the use 
of coal on the large scale of our furnaces. 

The first leading distinction is, that the bituminous portion 
is convertible to the purposes of heat in the gaseous state 
aUme ; while the carbonaceous portion, on the contrary, is 
combustible only in the solid state ; and, what is essential to 
be borne in mind, neither can he consumed while they remain 
united* 

When heat is first applied to bituminous coal, the ques- 
tion naturally arises. What becomes of it ? or. What is its 
effect 9 

. A charge of fresh coal thrown on a furnace in an active 
state, so far from augmenting the general temperature, 
becomes at once an absorbent of it, and the source of the 
volatilisation of the bituminous portion of the coal; in a 
word, of the generation of the gas. Now, volatilisation is 
the most cooling process of nature, by reason of the quantity 
of heat which is directly converted from the sensibh to the 
latent state. So long as any of the bituminous constituents 
remain to be evolved from any atom or division of the coal, 
its solid or carbonaceous part remains black, at a compara- 
tively low temperature, and utterly inoperative as a heating 
body. In other words, the carbonaceous part has to wait its 

nm for that heat which is essential to its own combustion, 
and in its own peculiar way. 

If this bituminous part be not consumed and turned to 
account, it would have been better had it not existed in the 
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cool r as such heat would, in that case, have been saved and 
become available for the bnsinesa of the fimaee. To ihii 

circumstance may be attributed the alle^^ed comparatively 
greater heating properties of coke, or anthracite, over bita- 
minons coal. 

TLu point next under consideration will be the proeesseH 
incident to the combustion of the gaseous partian of the coal, 
as distinct from the earbonoMoui or 9oUd portion. 



L 3 



Digitized by Google 



CHAPTER n. 

OF GASEOUS OOMBINATIONS, AND PAETICULABLY OF 
THE UNION OF COAL GAS AND AIB. 

On the application of heat to bitnmiiioiis coal, the first result 

is its absorption by the coal, and the disengagement of gas, 
from which flame is exclusively derivable. 

The constituents of this gas are hydrogen and carbon ; and 

the unions which alone concern us here are carhuretted 
hydrogen and bi-carburetted hydrogen^ commonly called ole- 
fiant gas. 

Combustibility is not a quality of the combustible, taken by 
itself. ^ ^0 before us, the union of the 

conUmsHbls with oxygen^ and which, for this reason, is called 
the supporter neither of which, however, when taken 
alone, can be consumed. 

To effect combustion, then, we must have a eomhusHble and 
a supporter of combustion. Strictly speaking, combustion 
means union; but it means chemical union. 

Let us bear in mind that coal gas, whether generated in a 
retort or a furnace, is essentially the same. Again, that, 
strictly speaking, it is not inflammable ; as, by iUel/y it can 
neither produce flame nor permit the continuance of flame in 
other bodies. A lighted taper introduced into a jar of car- 
huretted hydrogen (coal gas), so far from inflaming the gas, 
is itself instantly extinguished. Effective combustion, for 
practical purposes, is, in truth, a question more as regards 
the air than the gas* Besides, we have no control over the 
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gas, as to qaantity, after having thrown the coal on the 

furnace, though we can exercise a control over that of the 
air, in all the essentials to perfect combastion. It is this 
which has done so much for the perfection of the lampf and 

may be made equally available for the furnace. 

The first step towards ejecting the combustion of any gaiy 
is the ascertaining of the quantity of oxygen with which it 
will chemically combine, and the quantity of air required foi 
supplying such quantity of osoygen. 

Much of the apparent complexity which exists on this 
head arises from the disproportion between the relative 
voUmetf or bulk, of the constituent atoms of the several 
gases, as compared with their respective umghu. For 
instance, an atom of hydrogen is double the bulk of an atom 
of carbon vapour; yet the latter is iix times the weight of the 
former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen ; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air — nitrogen and 
oxygen. An atom of the former is double the bulk of an 
atom of the latter ; yet, in weight, it is as fourteen to eight. 

I have stated that there are two descriptions of hydro- 
carbon gases in the combustion of which we are concerned : 
both being generated in the furnace, and even at the same 
time, namely, the carhuretted and bi-carhuretted hydrogen 
gases, the proportion of the latter in coal gas being estimated 
at about ten per cent. For the sake of simplifying the 
explanation, I will confine myself to the first. 

On analyzing this gas, we find it to consist of two volumes 
of hydrogen and one of carbon vapour ; the gross bulk of 
these three being condensed into the bulk of a single atom of 
hydrogen^ that is, into two-fifths of their previous bulk, as 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carhuretted hydrogen — ^with its eonsHta- 
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euts, carbon and hydrogen ; the space enclosed by the lines 
representing the relative size or yoloime of eaeh ; and the 
numbers representing their respective weights — ^hydrogen 
being taken as unity both for volume and weight. 




Fig. l.—Gaxbaretted Hydrogen. 




Tig, 2.~Bi-Carlnixetted Hydzogen. 



Let US now, in the same analytical manner, examine an 
atom of atmospheric air, the other ingredient in combustion. 

Atmospheric air is composed of two atoms of nitrogen and 
one atom of oxygen ; each of the former being double the 
volnme of an atom of the latter, while their relative weights 
are as fourteen to eight: the gross volume of the nitrogen, 
in air, being thus four times that of the oxygen ; and ia 
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xceight, as twenty-eight to eight, as shown in the annexed 
fignie 8. 



In tlie coal gas we found the constituents condensed into 
two-fifths of their gross bulk: this is not the ease with air ; 
an atom of whieh is the same, both a$ to bulk and weight, as 
the sam of its constituents, as here shown. Thus, we 11 ud, 
the oxygen bears a proportion in volume to that of the 
nitrogen, as one to five ; there being but 20 per eent. of 
oxygen in atmospheric air, and 80 per cent, of nitrogen. 

We now proceed to ascertain the separate pumtUy of 
oxygen required by each of the constitumts (of the gas), so as 
to effect its perfect combustion. 

With respect to this reciprooal saturation, the great 
natural law is, that bodies combine in certain fixed proportions 
only, both in volume and iveiyht. 

On the application of heat, or what may be termed the 
firing or lighting the gas, when duly mixed with air, the 
hydrogen separates itself from its felloiv-comtitueiitf the 
carbon^ and forms an union with oxygen, the produce of 
which is water. The saturating equivalent of an atom, or 
any other given quantity of hydrogen, is not double the 
volume, as in the case of the carbon, but one-half its volume 
only — ^the product being aqueous vapour, that is, steam; the 
relative weights of the combining volumes being 1 of hydro- 
gen to 8 of oxygen ; and the bulk, when combined, being 




Fig. 8.— Atmospheric Air. 
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two-thirds of the bulk of both taken together, as shown in 
the annexed figure. 




Fig. i.'-SteaiiL 



Again, the carbon, on meeting its equivalent of oxygen, 

nnites with it, forming earbonic acid gas, composed of one 
atom of carbon (by weight 6), and two atoms of oxygen (by 
weight 16), the latter, in volumOi being double that of the 
former, as in the annexed figure. 




F^. 6.— OArbonIo Acid. 



No facts in chemistry, therefore, can bo more decidedly 
proved, than that one atom of hydrogen and one atom of 
oxygen (the fanner being double the bulk of the latter) unite 
in the formation of water ; and, further, that one atom of 
carbon vapour and two atoms of oxygen {the latter being 
double the bulk of the former) unite in the formation of car- 
bonic acid gas. • 

Having thus ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents 
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of coal gas, the remaining point to be decided is, tl^e 
quantity of air that wiU be required to supply this quantity of 
osyg^ttm 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears^ in volume, to that of 
the air. For^ as the oxygen is bat one-fifth of the balk of 
the air, five volumes of the latter will necessarily bo re- 
quired to produce one of the former ; and, as we want two 
volomes of oxygen for each volame of the coal gas, it follows 
that, to obtain those two volumes, we must provide ten volumes 
oj air. 

As the proportion of air reqaired for the combastion 

of the bi'Carburetted hydrogen (olefiant gas) is necessarily 
larger than for the carburetted hydrogen, a diagram of 
each is annexedy showing the Tolame of air reqaired for 
combustion. 



Carburetted Hydrogen. 



BKPOSS 00MBU8TI0K. 



Wdght. 



▲tomB. 



XLBMKKTA&T MIXTUBl. 

Weight. 



e Carburetted 
Hydrogen 



144 Atmospheric 
Air. 



1 Carbon . 
1 Hydrogen 

1 Hydrogen 

1 Oxygen . 
1 Oxygen • 

1 Oxygen . 
1 Oxygen . 
8 Nitrogen 112 




162 



152 



PaODUCTS OP COMBUSTIOJr. 

Weight. 

22 CarbonioAoid. 
9 Steam. 
9 Steam. 



112 Uncombined 
Nitrogen. 

162 
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Bi'Carhwretted Hydrogen. 



BBFORK OOmnnON. ■LBOmTABT HIXTUBB. 

Weight. Atoms. Weight. 



14 Bi-carburetted 



1 Carbon 
I Carbon 



Hydrogen. \ ^ Hydrogen 1 
L 1 Hydrogen 1 



216 Atmospherio 
Air 



1 Oxygen 
1 Oxygen 
1 Oxygen 
1 Oxygen 
1 Oxygen 
1 Oxygen 
12 Nitrogen 168 



23U 



230 



nODTTCTS Of 

Weight. 




22 Carbonic Acid. 
22 Carbonio Acid. 

9 Steam. 

9 Steam. 



.168 Uneombined 
Nitrogen. 



230 
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CHAPTER m. 



ON THE QUANTITY OF AIR REQUIRED FOR THE COM- 
BUSTION OF CARBON, AFTER THE GAS HAS BEEN 
GENERATED. 

Hating disposed of the question of quantity, as regards the 
supply of air required for the saturation and combustion of 
the gaseous portion of coal, we haye now to answer a corre- 
sponding question, with reference to the carbonaceous part 
resting in a solid form on the bars itfter the gaseons matter 
has been evolved. 

Carbon is susceptible of uniting with oxygen in two pro- 
portiqnSy by which two distinct bodies are formedy possessing 
distinct chemical properties. 

These proportions, in which carbon unites with oxygen, 
form, first, carbonic add; second, carbonic oxide. 

Carbonic oai, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxide 
is composed of the same quantity of carbon with but Imlf 
the above quantity of oxygen, as in the annexed figures. 




6.— Carbonic Aeid. 
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Fig. 7.— Carbonio Oxide. 



Here we see that carbonic oxide, though containing but 
one-half the quantity of oxygen, is yet of the same bulk or 
volame as oarbonic acidf a eireumetance of considerable 
importanee on the mere qnestion of draught, and supply of 
air, as will be hereafter shown. 

Now, the combastion of this ooeide, by ii$ eanvenion inU> 
the aeidf is as distinct an operation as the combnstioii of the 
earburetted hydrogen, or any other combustible. 

Bat the most important Tiew of the qaestion, and one 
which is little known to practitioners outside the laboratory, 
is as regards the formation of this oxide; and this is the 
part of the inquiry which most requires our attention. 

The direct effect of the union of carbon and oxygen is the 
formation of carbonic acid. If, however, we abstract one of 
its portions of oxygen, the remaining proportions would then 
be those of carbonic oaMe, It is equally clear, howeyer^ 
that if we add a second portion of carbon to carbonic acid, 
we shall arrive at the same result, namely, the having carbon 
and oxygen combined in equal proportions, as we see in 
carbonic osAde. 




Fig. a.— CtrbonloAflM. 

By the addition, then, of a second proportion of carbon to 
the above, tm volumes of carbonic oxide will be formed— 

thus : 
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Fig. 9.— Carbonic Oxid«. 



Now, if these two volumes of carbonic oxide cannot find 
the oxygen required to complete their saturating equivalents, 
they pass away.necessarily but half consuviedy a circumstance 
which is constantly taking place in all furnaces where the 
air has to pass through a body of incandescent carbonaceous 
matter. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost, in the 
shape of carbonic oxide, is thus : — The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on 
the bars, and generates much heat in the formation of car- 
bonic acid. This acid, necessarily at a very high tempe- 
rature, passing upwards through the body of incandescent 
solid matter, takes up an additional portion of the carbon, 
and becomes carbonic oxide. 

Thus, by the conversion of one volume of add into two 
volumes of oxide, heat is actually absorbed, while we also 
lose the portion of carbon taken up during such conversion, 
and are deceived by imagining we have ** burned the smoke J" 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its already possessing one-half its 
equivalent of oxygen, it inflames at a lower temperature than 
the ordinary coal gas ; the consequence of which is, that the 
lattej', on passing into the flues, is often cooled down below 
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the temperatore of ignition; while former is sufilciently 
heated, even after having reached the top of the chimney, 

and is there ignited on meeting the air. This is tho cause 
of the red flame often seen at the tops of chimneys and the 
funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gas or of the solid mass on the bars, 
passes away in onion with oxygen in any other form or pro- 
portion than that of carbonic acid, a commensurate losa of 
heating eflect is the result. 
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ON THE HIXINa AND INOOBPORATION OF AIR AND 

COAL OAS. 

Hatino disposed of the questions regarding the qumitity 
and quality of the air to be admitted, our next consideratiuu 
is, the electing each a mixtnre as is required for estiva 
eombnstion. 

It seems to have been taken for granted, in practice on the 
large scalei that, if air, by any means^ be introduced to the 
fuel in the furnace/' it will, as a matter of coursOi mix with 
the gas, or other combustible, iu a proper manner, and assume 
the state suitable for combustioni whatever be the nature or 
state of such fuel. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas with a due complement of oxygen 
gas, the operation being performed leisurely, due incor- 
poration follows, and no q^uestion as to the want of time 
arises. 

In this operation the quantities are small : both bodies are 

gaseous : there is no disturbing influence from the presence 
of other matter : the relative quantities of both are in satur- 
ating proportbns : and above all, are unaffected by current 
or draught. 

But compare this deliberate laboratory operation with 
what takes place in the furnace. First, the quantities are 
large : secondly, the bodies to be consumed are partly 
gaseous, partly solid : thirdly, the gases evolved from the 
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coal are part combastibie and part incombustible : foorthly, 
they are forced into coxmection with a large and often over- 
whelming quantity of the products of combustion, chiefly 
carbonic acid : fifthlyi the very air introduced is itself 
deteriorated in paenng through the bars and incandescent 
fuel on them, and thus deprived of much of its oxygen : 
sixthly, and above all, instead of being allowed a suitable 
time, the whole are hnrried away by the current or draught 
in large masses. 

Having consulted Professor Daniell on this subject, his 
opinion, here given, is of importance. 

OPIiflON. 

'^KiMo's Ck>LLBOB, Sih Aiiguitf 1840. 

« There can be no doubt that the af^uity of hydrogen for 
oxygen under most circumstances is stronger than that of 
carbon. If a mixture of two parts of hydrogen and one of 
carbonic aad be passed through a red-hot tube, water is 
formed, a portion of charcoal is thrown down, and carhonio 
oxide passes over with the excess of hydrogen. 

With regard to the different forms of hydro-carbon, it 
is well known that the whole of the carbon is never com- 
bined with oxygen in the processes of detonation or silent 
combustion, unless a large excess of oxygen be presenL 

For the complete combustion of olefiant gas, it is neces- 
sary to mix the gas with five times its volume of oxygen, 
though three only are consumed. If less be used, part of the 
carbon Mcopet combination^ and ia deposited as a black 
powder. Even subearburetted hydrogen it is necessary to 
mix with more than twice its bulk of oxygen, or the samo 
precipitation will occur. 

*^ It is dear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
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oxygen, while a part of their carbon may escape combustion, 
and that even when enough of oxygen is present for its 
Sfttoration. 

That which takes place when the mixturo is designedly 
made in the most perfect manner mnst, nndonbtedlyy arise 
in the eommon processes of combustion, where the nixtnre 

is fortuitous and much less intimate. Any method of ensur- 
ing the complete combustion of fuel, consisting partly of the 
volatile hydro-carbons, must he foundsd upon tk$ pHneiple of 

pi'oducmg an intiviate mixture with them of atmospheric air, 
in excess, in that part of the furnace to which they naturally 
rise* In the common construction of furnaces this is scarcely 

possible, as the oxygen of the air, which passes through the 
fire bars, is mostly expended upon ti^ solid part of the ignited 
fuel with which it first comes in oowtaet. 

•* J. F. DANIELL. 

" To C. W. Williamfl, Es^., &c &a'' 

Professor Daniell, in the opinion just quoted, states the 
true principle on which any improvement in our furnaces for 
insuring the complete combustion of bituminous coal must 
be founded, namely, the producing of an intimate previous 
mixture between the gaseous portion and atmospheric air. 

On this head we find many convincing illustrations of 
what nature requires, and what a judicious mode of bringing 
air to the gas can efbcti in the common candle, and in the 
Argand lamp, that I propose examining these two exempli- 
fications of gaseous combinations and combustion, in the 
manner adopted by the best British and continental chemists. 

Hr. Brande observes, In a common candle, the tallow 
is drawn into the wick by capillary attraction, and there 
converted into vapour, which ascends in the form of a 
conical column, and has its temperature sufficiently elevated 
to eanse it to combine with the oxygen of the surrounding 
atmosphere, with a temperature equivalent to a white Jieat. 
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But this combastion is superjicial only^ the flame being a 
thin film of white hot vapour, enolosmg an interior portion, 

which cannot hum for want of oxtjgim. It is in consequence 
of this structure of the flame that we so materially increase 
Us heatf by propelling a enrrent of air through it by the 

blow-pipe.** 

Dr. Beid observeSi The flame of a candle is produced by 
the gas formed around the wick acting npon the oxygen of 
the air : the flams ia aalely at the exterior portion of the as- 
cending gas. All without is merely heated air, or the pro- 
ducts of combustion ; all wUhiniauneonmmed 
gas, rising in its turn to affect (mingle with) 
the oxygen of the air. 

If a glass tube be introduced within the 
flame of a lamp or candle (as represented in 
Fig. 10), part of the unconsumed gas passes 
through it, and may be kindled as it escapes.*' 
All authorities agree in the main fitcts : 
first, that the dark part in the centre of the 
flame is a body of unconsumed gas ready for 
eambuttiont and only waiting the preparatory 
Kg. lo.'Plame of step — the mixing — the getting into contact 
a Candle. oxygen of the air ; secondly ^ that 

that portion of the gas in which the due 
mixing has been effected, forms but a thin film on the outside 
of such unconsumed gas : thirdly^ that the products of com- 
bustion form the transparent envelope, which may be per- 
ceived on close inspection : fourthly, that the collection of 
gas in the interior of the flame cannot bum there for want of 
oxygen. 

If, then, the unrestricted access of air to this small flame 
is not able, by the laws of difl'usion, to form a due mixture 
in time for ignition, d fortiori^ it cannot do so when the 
supply of air is restricted and that of the gas increased. 

Dr. Beid, speaking of the Argand lamp, Fig. 11, observes. 
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that the intensity of the heat is augmented by causing the 
air to enter in the middle of a circular wick, or teries of goM" 
jet$9 BO that more gas is eonsnmed wUkin a given 9pae$ than 
in the ordinary manner. 

But why is more gas consumed within this given space / 
Solely because more capability for mixture is afforded, and 
a greater number of accessible points of contact obtained, 
arising oat of this series of jets. This may be seen in Fig. 
12, where the inner sorfaceSi a a, are shown in addition to 
the outer ones b b 




11- Pier- 12. lig. 18. 

AxgBiidLamp. 



" If the aperture," he observes, " by which air is admitted 
into the interior of the flame be closed, the flame immediately 
assumes the form shown in Fig. 18 ; part of the supply of 
air being thns cut off, it extends farther into the air before 
it meets with the oxygen necessary for its combustion." 

Here we trace the length of the flame to the diminished 
rate of mixing and combustion, occasioned by the want of 
adequate access, within any given time, between the gas and 
the air, utUU too late — ^ontil the ascending current has 

0 
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earned them beyond the temperature required for chemical 
action ; the carbonaceous constituent then losing its gaseous 

character, assuming its former colour and state of a black 
pulverulent body, and becoming true smoke. 

In looking for a remedy for the evils arising out of the 

hurried state of thinga which the interior of a furnace 




¥ig. 14.— Flame of a Candle. Fig. 16.— Diffusion-jet. 



naturally presents, and observing the means by which the 

gas is effectually consumed in the Argand lamp, it seemed 
manifest that, if the gas in the furnace could be presented , 
by means of jets, to an adequate quantity of air, as it is in 
the lamp, the result would be the same. The difficulty of 
effecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed insurmountable : one alter- 
native alone remained, namely, that, since the gas could not 
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be introduced by jets into the body of air, air might bs 
introduced by jets into the body o f gas. 

Thifly iheiii is the means which I adopt, and by which I 
effect a complete combustion of the gases in the furnace, as 
we do in the lamp. 

This process meets the entire difficulties of the case as to 
time, current, temperature, and quantity. By this means 
the process of diffusion is hastened without the injurious 
effect of cooling : and which always takes place when the air 
is introduced by large orifices. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists in the increased surface it presents for 
mutual contact in any given unit of time. Let Fig. 14 
represent the section of a candle and Fig. 15 that of a 
diffasion-jet. In the former, the gas in the centre meets 
the air on the exterior. In the latter, the air in the centre, 
issuing into the atmosphere of gas, enlarges its own area 
for contact mechanically, and consequently, its increased 
measure of combustion. 

Thus we see, that the value of the jet arises from the 
circumstance of its creating, /or iteelf^ a larger surface for 
contact, by which a greater number of elementary atoms of 
the combustible and the supporter gain access to eacl^ other 
in any given time* 
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OF THE PBINOIPLES ON WHICH BOILEBS AND THEIR 
FUBNACES SHOULD BE CONSTBUGTED. 

The inqairy before ns cannot be confined to a mere com- 

parison of the several descriptions of boilers, mechanically 
considered. The merits on which, respectively, they rest 
their claims, mast be examined with reference to other 
data, viz., their relation to the perfect combustion of the 
fuel employed — the generating the largest measure of heat 
— ^and 80 applying it as to prodace the largest volnme of 
steam. Apart from these considerations, indeed, there is 
little scope for inquiry. All boilers have their furnaces 
and grate-bars, on which the fuel is placed ; their flues, or 
tubes through which the flame or gaseous products have to 
pass ; and the chimney by which those products are to be 
carried away, and the necessary draught obtained. 

Hitherto, those who have made boiler-making a separate 
branch of manufacture, have given too much attention to 
mere relative proportione* One class place reliance on 
enlarged grate surface ; another on large absorbing sur- 
faces ; while a third demand, as the grand panacea, boiler- 
room enoughf' without, however, explaining what that means. 
Among modem treatises on Boilers, this principle of room 
enough seems to have absorbed all other considerations, and 
the requisites, in general terms, are thus summed up : 

Ist. Sufficient amount of internal heating surface ; 

2nd. Sufficiently roomy furnace ; 
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8rd. Sufficient air-space between the bars ; 
4th. Sufficient area in the tubes or flues ; and 
5th. Safficienily large flre-bar atirfiMe. 
In simpler terms, these amount to the truism — give Buf6- 
cient size to all the parts, and thus avoid being deflcient in any. 

So gravely is this question of relative proportions insisted 
on, that we find many treatises on the use of Coal, and the 
construction of Boilers^ laying down rules with mathe- 
matical precision, giving precise formula for their calca* 
lations ; and even affecting to determine the working power 
of a steam-engine, by a mere reference to the size of the 
fire-grate, and the internal areas and snrfEices of the boiler. 
Yet, dnrmg this apparent search after certainty, omitting 
all inquiry respecting the processes or operations to be 
carried on within them. 

On a charge of coal being thrown into a furnace, the heat 
by which the distillatory, or gas-generating process is 
effected, is derived from the remaining partion of the previotu 
charge, then in an incandescent state on the bars. This 
process corresponds with what takes place in the gas works, 
where the coal inside the retorts is acted on by the incan* 
descent fuel outnde of them. This demand for heat in the 
furnace is, however, confined to the commencement of the 
operation with each charge. The heat required for eantinued 
gasification is, or ought to be, obtained chiefly from the flame 
itself ; as in the case of a candle, where the gasification of 
the tallow in the wick is derived from tlie heat of its own 
flame. This operation shows the importance of sustaining 
a sufficient body of incandescent fuel on the bars : in par- 
ticular, when a fresh charge is about to be thrown in. 

"With reference to the proportions of the several parts of a 
furnace, we have two puiiits requiring attention: first, the 
superjicial area of the grate, for retaining the solid fuel or 
coke ; and, second, the sectional area oj Hie chamber above the 
fuel, for receiving the gaseous portion of the coal. 
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As to the avBa of ike grate-bars^ seeing that it is a solid 
body that is to be laid on them, requiring no more space 
than it actually covers at a given depth, it is alone important 
that it be not too large. On the other hand, as to the area 
of the chamber above the coal, seeing that it is to be occupied 
by a yaseous body, requiring room for its rapidly enlarging 
volume, it is imporUtnt that it be not too small. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
the engineer to determine the extent to which he may 
increase^ or diminish^ the length of the furnace. In this 
respect, the great desideratum consists in confining that 
length within such limits that it shall, at all times^ be weU 
and uniformly covered. This is the absolute condition, and 
sine qua nan of economy and efficiency ; yet it is the very con- 
dition which, in practice, is the most neglected. Indeed, the 
failure and uncertainty which has attended many anxiously 
conducted experiments has most froq^uently arisen from 
the neglect of this one condition. 

If the grate-bars be not equally and well covered, the air 
will enter in irregular and rapid streams or masses, through 
the uncovered parts, and at the very time when it should be 
tJtere most restricted. Such a state of things at once bids 
defiance to all regulation or control. Now, on the control of 
the supply of air depends aU that human skUl can do in effecting 
perfect combustion and economy ; and, until the supply of fuel 
and the quantity on tlic bars be regulated, it will be impos- 
sible to control the admission of the air. 

Of the great waste of heat and the consequent reduction 
of temperature in the liucs, arising from the single circum- 
stance of allowing the incandescent fuel, towards the end of 
the charge, to run too low, or be irregularly distributed, the 
experiment of Mr. Huuldsworth, as shown in the annexed 
diagram. Wig, 16, is highly instructive, and merits the most 
attentive consideration. This experiment was made expressly 
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Cig. 1ft,— Diagranui of temperatm-e in boiler -flue. 



Digitized by Google 



32 COMBUSTION OF COAL AND SMOKE PBEVENTION. 

for tb^ British Association assembled at Manchester, in 
1842. 

By this diagram, it will bd seen that on a charge of 8 owt. 

of coal being thrown on the furnace, the temperature in the 
flue (as indicated hj the pyrometer) rose, in 25 minutes, 
from 760^ to 1220^, when it began to fall, and descended to 
1040°, tJie fuel iiot having been disturbed during 75 niijuiteSm 
At this stage, however, a remarkable change took place. 
Perceiving the temperature in the fine to have become so 
low, Mr. Ho ulds worth bad the fuel levelled^'* that is, had 
it more equally distributed, and the vacant 9paee» covered. 
The effect was (as shown in the diagram) the sudden rise in 
the temperature from 1040** to 1150'', at which it continued 
during ten minutes, when it gradually fell to 850^. 

The upper line of the diagram represents range of temper- 
liture, air being admitted. 

The lower line of the same represents range of temper- 
ature, air being excluded, common plan.i' 

* As the use of the pyrometer is of the highest importance, not 
merely for experimental purposes, but for all boilers, and for general 
use, whenever it can be introduced, the simple but valuable instrument 
which is used by Mr. Houldsworth, and by which he obtained the 
above results, is here given from an interesting paper on The Con* 
somption of Fuel and the Fterention of Smoke," read before the 
British Association by William Fairbaizn, Esq., O.E., F.B.S. 

» For these experiments we are indebted to Ifo. Henry Houldsworth, 
of Manchester ; and, having been present at several of the experi* 
ments, I can vouch for the accuracy with which they were conducted, 
and for the very satisfactory and important results deduced there- 
from. 

** In giving an account of Mr. Ilouldsworth's experiments, it will 
be necessary to describe the instmment by which they were made, and 
also to show the methods adopted for indicating the temperature, and 
the changes which take place in the surrounding flues. 

*' The apparatus consists of a simple pyrometer, with a small bar of 
copper or iron (a in Fig. 17) fixed at the extreme end of the boiler, 
and projecting tlirough the brick- work in front, where it is joined to 
the arm of an index lever to which it gives motion when it eaqmnds 
or contracts by the heat of the flue. 
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It is here to be observed that when a charge is nearly 
exhausted, or begins to bum in Jiolea^ the evil increases 

" The instrument being thus prepared, and the bar supported by 
iron pegs driven into the side walls of the flue, the lever (which is 
kept tight upon the bar at the point e by means of a small weight over 
the pulley at <Q is attached, and motion ensues. The long arm at the 
lever at d gives motion to the sUding rod and pencil and by thus 
pressing on the peripheiy of a slowly revolving cylinder, a line is 
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Fig. 17,— Pyrometer. 

inscribed cone^onding with the measnrements of the long arm of the 
lever, and indicating the variable degrees of temperature by the ex- 
pansion and contraction of the bar. Upon the cylinder is fixed a 
sheet of paper, on which a daily record of the temperature becomes 
inscribed and on which are exhibited the change as well as the 
intensity of heat in the flues at every moment of time. In using tliis 
instrument it has been usual to fix it at the medium temperature of 
1000^, which, it will be observed, is an assumed degix^c of the intensity 
of boat, but a sufllciently near approximation to the actual temperature 
for the purpose of ascertaining the variations xvhich take place in all the 
different etagee of combustion consequent upon the acta of charging ^ stir' 
rinff, and raking the fires.'* 
Mr. Fairbaim ih»a gives two interesting diagrams exemplifying the 

0 3 
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itself by the accelerated rapidity with which the air enlarges 

the orifices it has thus made for its own admission, causing 
a still more rapid combustion of the fuel around the unco- 
vered parts, and at the very time when these orifices should 
have bceu closed. 

Had it been possible^ in Mr, Houidswortk's experiment, 

result of ezpeziments made by ike aid of the pyrometer, and con- 
tinues 

On a careful examination of the diagrams, it wiU be found that 
the first was traced without any admixture of air except that taken 
through the grato-hars; the other was inscribed with an ojjening for 
the admission of air through a diffusing plate behind the^ bridge, as 
recommended by Mr. 0. W. Williams. The latter, Ko. II., preBonts 
very different figures : the maximum and minimum points of tempe- 
rature being much mder apart in the one than the other, as also the 
fiuctoations which indicate a mnch higher temperature, reaching as 
high as 1400**, and seldom descending lower than 1000% giving the 
mean of 1160^ 

'*Kow, on comparing No. II. indfh Ko. I., where no air is admitted, 
it will be fonnd that the whole of the tracings exhibit a descending 

temperature, seldom rising above 1100" and often descending below 
900°, the mean of whicli is 97-3'. This depression indicates ii dciLelive 
state in the process, and altboni;li a greater quantity of coal was con- 
sumed (2000 lbs. in 396 minutes in the No. II. experiment, and 
18-10 Ihs. in 406 minutes in Ko. I.), yet the disparity is too great when 
the difference of teniporature and loss of heat are taken into considera- 
tion. As a further proof of the imperfections of No. I. diagram, it is 
only necessary to compare the quantities of water evaporated in each, 
in order to ascertain the difference, where in No. I. experiment 5-05 lbs. 
of water arc evaporated to the pound of coal, and in No. II. one-half 
more, or 7 7 lbs. is the result. 

** Mr. Houldsworth estimates the advantages gained by the admis- 
sion of air (when properly regulated) at 35 per cent., and when passed 
through a fixed aperture of 43 sqnaie indies, at 34 per cent, lliis is a 
near approximation to the mean of five experiments, which, according 
to the preceding table, gives 33| per cent., which probably approaches 
as near the maximum as can be expected under all the changes and 
vicissitudes which take place in general practice." 

Here are practical results from unexceptionable quarters, and 
although they have been so many years before the public, neverthe- 
less, smoke-hnrning ohservations and hot-air fallacies continue to be 
listened to, and dearly paid for. 
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to have preserved the fuel continuously, and uniforvidy 
spread, throughout the charge of 100 mmutes, the diagram 
would have indicaied a more nmfonn line of temperatiire» 
as marked hj the dotted line^ and, consequently, have pro- 
duced a higher average range of heat iu the flue. 

It is ime, by meehanical contrivances, by which the fael 
is thinly and continuously spread over a large surface, there 
would be less tendency to the formation of dense smoke, 
because the quantity of aur introduced over that extended 
surfa-ce being so much greater than is chemically required, 
the volume of flame is considerably reduced, and conse- 
quently the volume of sipoke. We must not, however, 
deceive ourselves in this matter. The avoidance of dense 
smoke by these means must be attended ^vith the produc- 
tion of less available flame and heat, relatively with the area 
on which the fuel is spread, from the extended and atten- 
uated temperature in the furnace chamber. 

Having spoken of the grate-bar surface^ and what is placed 
on it, we have next to consider the chamber part of the 
furnace, and what is formed therein. In marine and cylin- 
drical land boilers, this chamber is invariably made too 
ihallow and too restricted. 

The proportions allowed are indeed so limited as to give 
it rather the character of a large tube^ whose only function 
should be, the allowing the combustible gases to pass 
through it, rather than that of a chamber, in which a series 
of consecutive chemical processes were to be conducted. 
Bach furnaces, by their diminit^hed areas, have also this 
injurious tendency, — that they increase the already too great 
rapidity of the current through them. 

The constructing the furnace chamber so shallow, and 
with such inadequate capacity, appears to have ai'isen from 
the idea, that the nearer the body to be heated was brought 
to the source of heat, the greater would be the quantity 
received. This is no doubt true when we present a body to 
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be heated in front of a fire. When, however, the approach 
of the colder body will have the direct efifect of interfering 
with the procesBes of nature (as in gaseons combustion), it 
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must inanifeBtly be injurious. Absolute contact with flame 
should be avoided where the object is to obtain all the heat 

which could be produced by the combustion of the entire of 
the constituents of the fuel. 
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So much, however, has the supposed value of near 
approach, and even impact, prevailed, that wo End the 
space behind the bridge, freqaently made bat a few inches 
deep, and bearing the orthodox title of the flofM-bed, as in 
Fig. 18. Sounder views, however, have shown that it 
should have been made capacious, and the impact of the 
flame avoided. 

As a general rule, deduced from practice, it may be 
stated, that the depth between the bars and the crown of 
the furnace should not be less than two feel $ix inehss where 
the grate is but four feet long; increasing in the same 
ratio where the length is greater : and, secondly, that the 
depth below the bars should not be less, although depth is 
not {here so essential either practically or chemically. 
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OF THE INTRODUCTIOX OF THE AIR TO THE FUEL IN 
A FURNACE, FRACTICALLY CONSIDERED. 

The Coke. — Were there nothing else requiring attention, 
in the nse of coal, than the combustion of its £zed earbim 
(as in the fire-box of a locomotive) nothing farther wonld be 
necessary than supplying the air through the grate-bars 
to the fael on them. In the nse of coal, however, as there 
is the gas also to be generated and consumed, any excess of 
air, or its injudicious iutroJuctioii, though it might not 
atl'cct the combustion of the carbon, must necessarily 
interfere with the quantity introduced for the use of that 
gas. 

As to the quantity of air chemically required for the cohe^ 
or fixed portion of the coal, after the gas has been expelled, 
it has already been shown that every 6 lbs. of carbon requires 
16 lbs. of oxygen. Now, the volume of atmospheric air which 
contains 16 lbs. of oxygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bituminous 
coal as containing 80 per cent, of carbon, wc have 1600 lbs. 
of coke (the produce of 20 cwt. of coals) requiring its 
equivalent of oxygen, and which will be equal to 240,000 
cubic feet of air ; since as 6 : 900 : : 16 : 240,000. This 
great quantity of air required for the exclusive use of the 
coke on the lars^ must, therefore, be passed upwards, from 
the ash-pit, the product bemg transparent carbonic acid gas, 
of a high temperature. 
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In supplying the air to the coke» and to avoid the admis- 
sion of a larger quantity than is legitimately required for its 

own combustion, the priucipal point requiring attention is 
the preserving of a uniform and suJUient body qf fuel on ihs 
barSf as noticed in the last chapter. 

The Gaseous Portion. — It Las been shown that cacL cubic 
foot of gas requires, absolutely, the oxygen of ten cubic foet 
of atmospheric air. By the proceeds of the Gas Companies, 
we learn, that 10,000 cubic feet of gas are produced from 
each ton of bituminous coal : this necessarily requires no less 
than 100,000 cubic feet of air. Adding this to the 240,000 
cubic feet required for the coke, we have a gross volume 
of 8-10,000 cubic feet as the minimum quantity absolutely 
required for the combustion of each ton of coal^ independently 
of that excess which will always be found to pass beyond 
what is chemically required.'*' 

Before a fresh charge of coal is thrown in» there will be, or 
should be, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. Aj'U r the charge 
has been made, a large volume of gas will be generated ; 
and, consequently, an equivalent quantity of pure air will be 
required for its combustion. Kow, at this stage of the 
process, and by reason of the mass of fresh fuel thrown in, 
the passage of the air through it must then, necessarily, be 
the most restricted. Thus the smallest quantity of air would 
be enabled to gain admission, simultaneously, with the 
greatest demand for it ; and the largest generation of gas, 
simultaneously, with the most restricted means of enabling 
the air to obtain access. Were there no other considerations, 
these alone would be sufficient to show the absolute neces- 
sity of providing some oilier channel for the introduction of 
the air for the gas, and the impossibility of introducing the 
requisite quantity in that direction. 

* The volume 840,000 cubic feet per ton is equivalent to 162 cubic 
fleet per pound of coal.^(ED.} 
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The introducing of the required quantity of air will neces- 
sarily depend, first, on the area of the orifice through which 
it enters; and secondly, the velocity at which it passes 
through that area. It has been stated that the aperture for 
the admission of the required quantity should average from 
one-half to one square inch for each square foot of ffrate-bar 
sttrface. So entirely disproportioned, however, is the area 
here stated, that it would not supply one-fourth the quantity 
absolutely required; much less that additional quantity which 
we have seen must of necessity pass with it. 

There seems, then, to have heen some serious oversight in 
making these calculations* Practice and experiment prove 
that instead of an area of one square inch, no less than 
from four to six square inches for each square foot of furnace 
will be required, according to the gas-generative quality of 
the coal, and the extent of the draught in each particular 
case. 

In ezamim'ng the tables of results supplied by experi- 
menters, the cause of theur error may be traced to a mistake 

in the estimated velocity of the heated gaseous matter 
passing through furnaces to the chimney shafts* As this 
has, in many instances, been adopted on the supposed 
authority of Dr, Ure, it is right to state, that the error 
appears to have originated in taking what that accurate 
chemist and experimenter had given, — ^not as practical^ but 
as theoretic results. 

Now, suppose a furnace measuring 4 x 2*5 s= 10 square 
feet of surface, and with moderate draught, this will be 
adequate to the combustion of 2 cwt. of coal per hour; — the 
gas from which will require 10,000 cubic feet of air. To 
supply this quantity, within the hour, will require the 
following relative areas of admission, and velocity of current, 
viz. :— 
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Velocity of current ptr Am ot Aperture, in 

jMMMloifairentttiDgtte ■ouaTeindiM^ptrnot 
furnace. ozfumaoe. 

If at 6*66 feet per Beoond, will require 6 iquare inehee. 

W »• ft ^ ft 

» 20 fp 2 M 

From this we see the absolute necessity of ascertainiug 
the practical rate of current of the air wiien enteiing, before 
we can decide on the necessary area for its admission. 
Hitherto no estimate has been made respcctiug these pro- 
portions on which reliance can be placed. 

With reference to the mods of introdacing the air, it is 
not a little remarkable that many overlook, or even dispute 
the difference in effect, when it is introduced through one^ or 
numerom orifices. In illustration, then, of the eflfect of 
introducing the air in a divided forrriy let us take the case of 
a boiler furnace of modern and approved form, where the air 
enters by a migU orifieep and compare it with that shown 
where it enters through a hundred or more orifices. 

In the £rst example (if the body of air bo not too great)^ 
the effect may be favourable, to some extent, in preventing 
the generation of dense smoke. Inasmuch, however, as the 
quantity of air thus introduced is chemically inadequate to 
the combustion of the gas, much of the latter must escape 
unconsumed, though not in the form of smoke, but as a light 
coloured vapour. 

The body of air, by passing through a single aperture, 
produces the action of a strong current, and obtains a 
direction and velocity antagonistic to that lateral motion of 
its particles which is the very element of diffusion. In this 
case, passing along the flue, the stream of air pursues its 
own course at the lower level, A, while the heated products 
fill the upper one at B. It is here evident, according to the 
laws of motion, that the two forces, acting in the same direc- 
tioiiy prevent the two bodies impelled by them (the air and 
the gas) from amalgamating. 
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Now, instead of a single aperture, let the air enter through 
a hundred or more apertureSi as in Fig. 20. Here the force 




and direction of the current vnR be avoided, and the required 

diffusive action produced on passing the bridge. Instead of 
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the refrigeratory inflaence of the air, as in the first case, 
there will he a snecession of ignitiog atoms, or groups, which 

Sir H. Davy calls " explobive mi:ttures," each producing 
comhastion with its high tem- 
perature. These are distinctly 
perceptible from the sight hoias 
at H. 

The same resnlts will follow, 
whether the single oriilce or 
the nnmeroos orifices are placed 
at the bridge efid, or at the 
£^(>or of a furnace, as in Fig. 21. 
In this case, the difiosion will 
be more immediate and effec- 
tive. 

Of the advantageous effect 

■producedhj weckanical afjencyy 
in promoting iinmediate diffu- 
sion between the air and the 
gas, the following experiments 
are quite conclusive. 

Let Figures 22, 28, and 24 
represent each a tin apparatus, 
with its glass chimney, similar 
to the ordinary Argand homer, 
— ^the gas is admitted the same 
way in all three — the difference 
to be noted is, in the manner in 
which the air is admitted. In 
all these cases, the quantity of 
both gas and air was the same. 

In Fig. 22, no air is admitted 
from below ; and the gas, con- 
seqnently, does not meet with any nntii it reaches the top of 
the glass, where it is ignited, produciDg a dark smoky flame. 
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In Fig. 23, air is admitted from below, and rises through 
the orifice at A, concurrently with the gas at the orifice B. 
On being ignited, one long flame is produced, of a dark 
colour, and ending in a smoky top. 

In Fig. 24, the air is introduced from below, and into the 




Fig. 26. — Gaa furnace at Treveray. 



chamber C, C, from which it issues through a perforated 
plate, like the rose of a watering pot; thus producing 
immediate mixture with the gas. On being ignited, a short, 
clear, and brilliant flame was produced, as in the ordinary 
Argand gas burner. 

The heating powers of the flames were then tested, by 
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placing a vessel of cold water over each. When over 
Fig. 23, it required 14 minutes to raise the water to 200°, 
whereas, over Fig* 24, it reached 200^ in 9 minutes. 

Now, the difference of effect produced in those three ex- 
periments corresponds with what takes place in furnaces and 




Fig. 26.— Gas fu^ce at Treveray. 



their flues, when the air is excluded, and when it is admitted 

throuab a single or through numerous orifices. 

Of the importance of mechanical agency, in promoting the 
rapid diffusion or mixture of the air and the gas, the modes 
adopted on the continent for rendering the coke gas, or car- 
bonic oxide f available, are conclusive and instructive. 

M. P^olet has given ample details of the mode of effeoting 
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the eombastion of this gas (the ezistenoe of which has, for a 
long time, been practically ignored in this country ), in the 
manufacture of iron, and even in the puddling furnaces^ 
where the most intense heat is reqnired. 

M . Peclet states that the process at Treveray, in France 
(see Figs. 25 and 26), is preferable to that adopted in 
Germany, and for the following reasons, which are quite 
to the point of our present inquiry. 

1st. The air and the gas are better incorporated. 

2nd. The relative quantities of the gas brought into 

contact with the air are more easily regnlated. 
8rd. Combustion is effected by the introduction of the 

smallest excess of air. 

In the apparatus, as shown in the section, Fig. 25, 50 jets 
of air issue, each in the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the smelting furnaces. On 
examination of the process here exhibitod, the mixing and 
combustion, it will be seen, takes place on the instant^ and 
before the flame and heat enter the chamber of the furnace 
at F. By this arrangement, M. Peclet observes, the 
highest temperature that the arts can require is here ob- 
tained/* 
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OF REGULATING THE SUPPLY OF AIB TO THE GAS BY 
SELF-ACTING OK OTHEB MECHANICAL APPARATUS. 

Much has been urged on the necessity for regulating the 

supply of air entering the furnace, as a means of preventing 
an excess at one time, or insufi&cient quantity at another. 
The theory is plausible. P^ractice^ however, when tested by 
the aid of a pyrometer, and on the large scale of the furnace, 
has invariably proved its unsoundness and futility. 

In the report made to the Dublin Steam Company, in 
1842, by Mr. Josiah Parkes (the Patentee of the Split- 
bridge), an engineer well qualified for such an inquiry, he 
observes : *^ During the above-named experiments, I made 
numerous essays of the effect produced by shutting off the 
admission of air to the gases, after the visible inflammable 
gases had ceased to come over, and when the fuel on the 
grate was clear and incandescent. In such cases I always 
found the entire stoppage of air to he followed hy diminished 
heat in the fiu£s, and by diminished wap<yration; for at these 
times, earhonic oxide continued to be formed ; a gas which, 
though colourless, was converted, by a due mixture of the 
atmospheric air, into flame, possessing, evidently, a high 
intensity of heat, and producing much useful effect. The 
calorific value of this gas is lost when the air is excluded, 
although its non-combustion is not attended with the pro- 
duction of visible smoke." 

During these investigations it was ascertained, that the 
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appearance or noii-appeiurance of visible moke WM HO tatty 
either for or against the admission of air— a# to quantity. 

Mr. Parkes on this head observes : ** The consequences of 
regulating and varying the quantity of air admitted so as to 
suit the vaiying state of the fornaeey as regards the quantity 
of gas given off, also occupied my close attention. It is 
quite certain that, to effect the perfect combustion of all 
the combustible gases prodnced in a fomaee. a large demand 
for air (distinet from the air entering the grate) alwaye 
exists : also, that by entirely excluding air, smoke is pro- 
ducedy and the heat diminished in fdl states of the fire. 
Thus, with correctly assigned proportions once ascertained, 
no attention is required on the part of the fireman in regu- 
lating the admission of air. On looking through the sight 
holes, it "was manifest, that, as a stream of either carburetted 
hydrogen, or carbonic oxide gas, was at all times generated 
and passing over ; so there was necessarily a corresponding 
demand for air ; and when supplied, a continuous stream of 
visible flame.'* 

This is conclusive on the point of regulating the supply 
of air, or shutting it off at any period of a change. 

In addition to this inquiry, Sir Robert Kane (one of the 
highest chemical authorities of the day) was also engaged, 
and made an elaborate investigation and report on the 
subject. 

Rbfobt to thb Diuctobs of tub Cnnr or Dubldt Stsak-Packbt 

OOMPANT. 

Gentlemen, — In accordance with your request, that we should pro- 
ceed to examine into the construction and pcrfornumco of the Marine 
Boiler Furnaces erected at your works in Liverpool, upon the principle 
of the patent of Mr. Williams, we have to report, that we have care- 
fully insj)ected the operation of these furnaces in their several parts, 
and also some others constructed in a similar manner, upon a large 
working scale, which are now in actual use in various parts of the 
town ; and that we havo instituted aeveral series of experiments and 
obsenrations upon the temperature produced by tho86 lumacefli and 
the manner in which the fuel Is consumed in thenu 

D 
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In dedacing from those ezperiments and obsenratioDS the oondnaionB 
which will he f omul emhodied in this report^ we haTe taken into oaxe- 
fal consideration the general chemical prind^eanpon which oomboation 
muat he caxxied onyso aa to effect the greateat economy of heat and the 
fael: and we have ezamined how iax thoee prindplea are attended to 
in the oonatknction of the Tariona Idnda of funaoes that haye been 
proposed for practical use. 

The condnsion to which we have arriyed, and which we believe to 
be establifihed by very decisive evidence, a8 well of a practical as of a 
theoretical kind, may be briefly expressed as follows : 

Ist. That, in the combustion of coals, a large quantity of gaseous 
and inflammable material is given out, which, in furnaces of the ordi- 
nary construction, is, in great measure, lost for heating purposes, and 
gives rise to the great body of smoke which^ in manufacturing townB, 
produces much inconvenience. 

2nd. That the proportion which the gaseous and volatile portion of 
the fuel boars to that which is Jixedf and capable of complete combustion 
on a common furnace gxate^ may be conaidered as am^fourthf in the 
case of ordinary coal. 

drd. That the air for the combustion of this gaseous combustible 
material cannot, with adyantage, be introduced either through tho 
interstices of the fire bars, or the door by opening it. In the former 
case, the air is depriyed of its oxygen 1^ passing through the solid 
fnel» and then only hdpe to carry off the oombustible gases, before 
they can be bnxned; and, in the latter case^ the air whidi would enter, 
by zeason of its proportionate mass, would produce a oodmg influenoe^ 
and cannot oonyeniently be mixed so as properly to support the oain« 
bustion of the gases. 

4th. That the combustion of the gaseous materials of the fuel is best 
accomplished by introducing, through a number of thin or small orifices, 
the necessary supply of air, so that it may enter in a divided form and 
rapidly mix with the heated gases in such proportions as to efiect their 
complete combustion. 

6th. That, in burning coke, or when coal has been burned down to 
a clear red fire^ although the combustion on the grate may appear to bo 
perfect, and little or no flame may be produced, and no smoke what- 
ever made, there may he a great amount of woeful heat lost, owing to the 
formation of carbonic oxide, which, not finding a fresh supply of air at 
a proper place, necessarily passes off unbumed. 

6th. That under the common arrangements of boiler furnaces, where 
there is intense combustion on ihid ftre^grate^ and but little in tho Jluesy 
the differences of temperature in and around the tbiious parts of the 
boiler are greater; and, consequently, the boiler is most subject to the 
results of unequal temperatures. On the other hand, when the prooeaa 
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of oomlmstion is spread throagh fhe floes, as well as ovet flie-grate, 
the temperatnze remains most unif onn throughout, and the boiler and 
its settings must he least liable to injury. 

7th. That the heat produced by the combustion of tlio influminal.lo 
pases and vapours from the fuel, in tlues or rhamhors ])ehind the 
bridge, must be considerable, and can be advantagi'ously ai)plied to 
boilers, the length of which may be commensurate with that of the 
heated flues. 

In further substantiation of these conclusions, we will deseri])e the 
results of our expt rimciits made with the marine boilers titted up with 
air-apertures on Mr. Williams's plan, in order to determine how far, 
in practice, the scientiho principles of combustion may be economically 
caixiedout. 

EXPERIMENTS WITH COAL. 

£XP£KIM£NT 1. 

When the fire was charged with coal^ and air admitted only in the 
ordinary way (the passage to the air-distributors being closed), the 
entire interior ol the flues was filled with a denat hlaek $moke, which 
poured out from the orifioe of the chinmey in great quantity, and as 
obserred through the sight-holes. The mean temperature ol the flues 
in this ezpei^neDt being found to be 650^. 

Experiment 2. 

The furnace being charged in the same manner with coal, and the 
supply of air by the di\nding apparatus fully let on, the smoke in- 
stantly disappeared. Nothing visible passed from the ehimney. The 
floee became filled with a clear yellow flame, which wound round at a 
maximum distance of thirty feet, and the mean temperature at the 
torn of the flue was found to be 1211°. 

Hence, the quantity of heat convoyed to the water through the flues 
was nearly doubled by introducing tiie air in this divided manner ; and 
whilst the fuel remained the same, the combustion was rendered per* 
fec^ and no smoke produced. 

EzmnoNT 8. 

The furnace being charged with coal exactly as before, the passage 

to the air-apertures was one-half closed. A grey smoke issued from the 
chimney. The flues were occupied by a lurid flame, oeeasionally, of 
nearly forty feet in length ; the mean temperature of the flues bciug 
found to be 985°. 

Thus, with half the supply of air, a mean condition was obtained 
between the dense black smoke and imperfect combustion of the first 

d2 
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ezperimenti and tiie Tivid oombustion and perfect abaenoe of amoke oi 
theaeoond. 

EXPERIMENTS WITH COKE. 

Having thua ieated the eucumatancea of the combuation of toai^ 
under different conditiona of the furnace, we next proceeded to aaoer- 
tain the ezaet okeumatancea of the oombuBtion of eok$* 

ExPBBnCBNT 4. 

The furnace being fully charged with coke (from the Gas Works), 
and tho air-aperture closed^ 80 that it burned as in an ordinary furnace, 
the flues were dark, but a bluish-yellow flame extended under the 
boiler to the baek, a space of ten feet. The mean temperature of the 
fiue was then found to be 702°. 

The coal, uudor the same circumstances, having given a mean 
temperature of G50^, a difference of 52^*, heating power, was thus shown 
in favour of coke^ and which agrees with reauits obtained by others 
irath fumaoea of the ordinary construction. 

Experiment 5. 

The furnace being again charged with coke» the air-aperture was 
opened M4»haff. The fluee then became occupied with a flame of 
varioua tintay— blue, yellow, and roae-coloured— produced by the com- 
buation of carbonie-oxide and yaxioua other gaaeoua producta. This 
flame extended through twenty-five feet. The mean temperature of 
the flue waa then found to be lOllT. 

Thua, eyen with coke, the increaae of aTailable heating power, pro- 
duced hy the admission of air on Mr. Williama'a plan» waa found to 
be 300% or three-teuths of the entire* 

EXPBBDCBNT 6. 

The furnace being again charged with coke, and the air-aperture 
ffdl^/ opened, the flame in the flue shortened to about iifteen feet, ajid 
the mean temperature of the flue became 852". 

Hence it ai)peared, that there had been a larger quantity of air 
admitted in this last case than was necessary for the combustion of the 
gases from the ('oA*^ ; and hence a cooling efl'ect had been produced, 
auchas to neutralise one-hali of the advantage which would have 
otherwise been gained. 

It results from these experiments, — 

1st. That the air-aperture of the furnace was sufficient for the 
proper eoniliuslion of eoaigy but was one-half too large for eok0, 

2nd. That by the uae of the air-aperturea, in the case of coala, all 
smoke is preyented, and the useful ^ect of the fuel much increaaed. 
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Srd. Tliat, even when coke is used, the hratinpr efToct is also murh 
increased by the admission of air l)y .'iix itun s lu liiinl or at tho bridge, 
hut it required only one -half the air wliidi is nceess^ary for coal. 
If, however, it be supplied with the quantity best ad:ijit« d f(»r coal^ 
one-half of the advantage is again lost by the cooling power of tliifl 
excess of air. 

4th. Since, in all ordinary cases of prac ti( c, fresh fuel is addtnl in 
moderate quantities, at short intervals of time, it was not found neces- 
sary to alter the rate of admission of the air by yalves or other 
mechanism. A imiform omrent, admitting a quantity of air inter* 
mediate to that necessary for coal alone, will abundantly luffioe ifst 
the perfect combustion of the f uel, and need not require any extra 
attention on the part of the workmen. 

In conchinony we haTe to state as our opinion, that the axraogement 
of fomaoe and adndsrion of distributed air on Mr* Williams's plan, 
fulfils the conditions of complete combustion in the highest degree, as 
Isr as is compatible with the varieties which exist in the construction 
of boilers, the peculiar character ol the coal employed, and the nature of 
the draught ; the formation of smoke is prevented ; and the economy 
of fuel we cannot consider as being less than an ayerage of one-fifth 
of the entire in the case of coke^ and of one-third of the entire when 
coal used. 

"We are, Gentlemen, 

Your obedient Servants, 

EGBERT KANE, M.D., M.R.I.A., 
^rofusor of NtUural Philosopht/ to the Royal Dublin Society, 
^o/emr of ChmiUry to tho Apothecarioo* UaU of Jroland. 

R. H. BBETT, Fh.D., F.L.S., 
J*rofessor of CkomiHrff to the Lioorpool CoUegiato Imtiiution* 

The inference from these chemical investigations is, that 
there is no interval from the beginning to the end of a charge, 
when there is not a large body of combustible gas generated in 
tJie furnace, a)id a large supjihj of atniosplieric air required. 

The advocates of self-acting valves have overlooked the 
chemiGal fact, that as soon as the coal gas (carburetted 
hydrogen) ceases to be evolved, the fuel on the bars would 
then be in an incandescent state, and precisely in the con- 
dition to furnish a copious generation of the other gas — ^the 
coke ffasy or carbonic oxide ; but which had not hitherto been 
noticed by any writer in connection uith boiler . furnaces^ 
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Now, as this latter gas requires (for equal volumes) one-half 
the quantity of air of the former, it is equally necessary that 
such be supplied, or the heating power of carbon would be 
lost. The characteristics of this gas have already been 
given. 

With reference to the progressive rate of generation of 
the gas in a furnace, and the consequent demand for atmo- 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the best evidenee. The following tabular 
view of the result of numerous accurate experiments, made 
many years back, and expressly to ascertain the rate of 
evolution of the gases, throughout a charge of 40 minutes* 
duration, is conclusive : — 



Time. 




Tbermometrio 


Length of 




Temperatim in Slues* 


name in Po 


Charge made • 


466 


10 


2 minutes • 


462 


14 


4 


u • 


490 


18 


6 


»» • 


508 


22 


8 


•» • 


518 


26 


10 


99 • 


524 


26 


12 


»» • 


. 528 


28 


U 


>» • 


534 


28 


16 


Ji • 


540 


28 


18 


99 • 


540 


28 


20 


»» • 


540 


26 


22 


>♦ • 


536 


24 


24 


99 • 


524 


24 


26 


» • 


508 


22 


28 


9* • 


494 


22 


30 


»l • 


4£6 


18 


32 


9* • 


476 


22 


34 


99 • 


468 


14 


36 


M • 


464 


14 


38 


99 • 


460 


12 


40 


99 • 


460 


10* 



♦ The bulb of the thermometer was here inserted in the fluo, so far 
as to prevent tlie mercury rising above 600° — the highest range we 
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Wd here see, tliai so £eur from the qoaniiiy of gasgeneraied 
beiDg greatent at firsts and eeasing when the eharge was one- 
half exhausted, it is jast the reverse. In fact, any one who 
has observed the indications of the pyrometer in the flae^ 
and has looked into a fnmaee in action, most have observed 
that, there being maoh coal in the moisture to be evaporated, 
it required a considerable time before the full supply of gas 
was being generated, and the temperature in the flue had 
risen to the maTimnm, Farther, that when the first half of 
the eharge was ezhansted, the greatest quantity of gas was 
then momentarily evolved — the longest flame existing in the 
flue — ^and the highest ^temperatore mdieated by the pyro- 
meter; consequently, the fbllest supply of air was ttien 
required. 

The following experiment is also in point here : This was 
made with a larger charge of coal, and during 60 minutes 

(the bars being kept well covered), the object being to 
ascertain the relative quantity of each kind of gas evolved ; 
and thus form a guide to the quantity of air required, at the 
several intervals, from the beginning to the end of a charge. 
[The observations were taken from two sight apertures : one 
at the back end of the boiler, and the other at the front, 
looking into the flue.] When the supply of carburetted 
hydrogen gas was nearly exhausted, the distinct flames, and 
their two distinct colours and characteristics, might clearly 
be distinguished. The following Table will present a view 
of the relative quantities of the two gases (carbonic acid 
and carbonic oxide, or coke g»s) produced during the 
progress : — 

see being 640° — when the charge wavS half expended. The ahsolute 
heat in the flue was, however, considerably higher, as ascertained by 
the melting points of a series of metallic alloys, prepared by Sir 
Robert Kane, expressly for the purpose. By these, inserted in the 
flue, it was found that the absolute heat escaping at the Joot of the 
/wmelf was at least 760^ 
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Time in minntiM. 

Chart::^ of coal 
6 minutes 
10 „ 

ff 

9> 
ff 
ff 
ff 
ff 
ff 
ff 
ff 
ff 



15 
20 
25 
80 
35 
40 
45 
60 
65 
60 



CoalGae. 

none 
10 
li 
18 
22 
22 
18 
14 
10 
5 

none 
none 
none 



Coke Gas. 

10 
none 
none 
none 
none 

nnnti 

n<Aie 
none 
4 
8 
12 
10 
10 



Total lenc-^h of 
llame in feeU 

. 10 

. 10 

. 14 

• 18 
. 22 
. 22 
. 18 
. 14 

• 14 
. 13 
. 12 

• 10 

• -10 



Here, colamn 4 may be taken as indicating the gross 
qnantities of oombnstible gases evolved, and requiring a 
supply of air. In numerous other furnaces, in which the 
air was properly introdneed, and the fael properly covering 
the bars, the flame was seen during a large portion of an 
hour's charge, extending along the side flues from twenty to 
thirty ieet. The quantity of the coke gas will be in propor- 
tion to the thickness or body of the fuel, and its state of 
incandescence. 

With the ^iew of accommodating the supply of fuel to 
the demand for air, the best practical mode is the equalidng 

of the quant itij of gas requiring such supply. This was done 
effectually thirty years back, by arranging the furnaces so 
that each pair shall be connected with one common flue. 
This arrangement, for alternate firing, adopted among others 
in the steamer EoyaL William (as hereafter shown), is every 
way satisfactory, A similar arrangement has been intro- 
duced in Her Majesty's steamers Hennes, Spitfire^ and 
Firefiyy as described in Tredgold's work ; nothing, however, 
is there shown as to the means for introducing the air, and, 
consequently, the value of this flue arrangement is lost. 

Fig. 27, taken from Peclet's work, shows a similar mode 
adopted in France, for equalising the supply and demand of 
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gas and air. It will be manifest that, assaming the fur- 
naces to be eharged alternately, the qaantity of gas behind 

the bridge will be the mean of that generated in both 
furnaces. 

Another and a very effectual mode of equalising the 





— t. 


— ~- — 




- m 

f 




Fig. 27.— Equaliaiog the supplies of gas and air. 

supply of gas, and thus practicaQy equaHsing the supply of 
air, is by charging the furnace-grate alternately, first on the 
one side, and then on the other. Where the furnace is wide 
enough^ this is very effective. 
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OF THE PLACE MOST SUITABLE FOR INTRODUCINa 
THE AIB TO THE GAS IN A EUBNACE. ' 

The plan adoptejd by Mr. Parkes of introdacing the air 
through what is ealled the 9pUt bridge y as hereafter shown, 
appears to have been among the £rst which recognised the 
providing a separate supply of air to the fomace gases, 
independently of that which passed throagh the fael on the 
bars. 

This plan was sufficiently effective, when combined w;^th 
the system of small fomaces, with small charges of coal ; or 

large furnaces when charged heavily, with sufficient fuel for 
many hours' consumption, producing a uniform generation 
of gas during a long interval, and by the means of slow 
combustion. The issue of the air through the narrow 
orifice in the top of the bridge was, however, found to be 
unsuited to the large furnaces, with quick combustion and 
heavy charges incidental to the boilers used in steam- 
vessels. It was also liable to be occasionally obstructed by 
the stronger current of heated products crossing the aper- 
ture, in the same way as the ascent of smoke from a house- 
chimney is obstructed by a strong wind sweeping across it. 
Numerous modifications of this plan were adopted in steam- 
vessels, the most important of which will hereafter be given, 
with the view of explaining the several causes of their 
failure, and which it is often as important to know as those 
of success. 
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The arrangement subsequently adopted in several vessels 
of the Dublin Steam Company admitted the air through 
numerous apertureSi and in a divided state. This mode 
was alwa3r8 effective when the draught was sufficient for the 
double supply of air, to the fuel in the bars, and the gas iu 
the furnace chamber. The difference which attended its ap* 
plication was often considerable, and arose from the want of 
draught, or from the perverse adherence to the old and lazy 
method of charging the front half of the furnaces heavily, 
even to the doors, while leaving much of the bridge-end but 
thinly covered, as hereafter will be shown. Such a mode of 
charging the furnaces necessarily caused an irregular com- 
bustion of the fuel, and a consequent excessive admission of 
air, connteractiug all efforts at appropriating separate sup- 
plies to the coke and the gas* 

The introducing of the air to land boilers, in numerous 
films, or divided portions, was first practically adopted in 
1841, at numerous furnaces in Manchester, and at the 
water- works in Liverpool, and at the stationary engine of 
the Liverpool and Manchester Railway, under the direction 
of the engineer, Mr. John Dewrance. That at the water- 
works, witti a shaft of 150 feet high, had previously caused 
an intolerable nuisance ; both, however, have since remained 
unnoticed and forgotten, even by the authorities in Liver* 
pool, apparently from the mere curcumstance of the nuisance 
having been effectually abated, and. attention being no longer - 
drawn to it. 

With reference to the place for the admission of the air, 

it is here stated, advisedly and after much experience, that 
it is a matter of perfect hulifference as to ejfect, in what part 
of tlie furnace or fim U ie introduced^ provided this aU- 
important condition be attended to, namely, that the mecha- 
nical mixture of the air and gas be continuously effected^ 
h^ore the temperature of the carbon of the gas {then in the 
state of flame) be redticed below that of ignition^ This tern- 
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peratore, according to Sir Humphry Davy, should not be 
under 8W Fahr., since, below that, flame cannot be pro- 
duced or sustained. In practice, the air has been introduced 
at all parts of the furnace^ and xdth equally good effect. Its 
admission through a plate-distributor, at the back of the 
bridge and at the door end, effected all that eould be 
desired. 

The adoption during the last few years of the ttibuUir 
system in marine boilers, is now to be noticed, inasmuch as 

it rendered a difierent arrangement absolutely necessary. 




Bg. 88.— Air ffarough orifloea in the flzeplaoe. 



The chief characteristic of the tubular boiler is the short- 
ness of the distaneef or run, between the furnace and the 
tubes. The result is, the impossibility of effecting the triple 
duty of generating ilie gas, mixing it with the air, and com- 
pleting the combustion within tJie/ewfeetf and the fraction of 
a second of time, which are there available. To obtain the 
desired effect the air was then introduced at the door -end of 
the furnace; thus, as it were, adding the length of the 
furnace to the length of the run. 

The main object being the introducing of the air in a 
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divided state to the gaseous atmosphere of the furnace 
chamber, the following experiment was made : The centre 

bar of a boiler, four feet long, was taken out, and over the 
vacant space an iron plate was introduced, bent in the form 
as shown in Fig. 28. 

Here, the upper portion of the bent plate, projecting 
three inches above the fuel, was punched with five rows of 
half-inch holes, throogh which the aur issued in 56 streams. 
Adequate mixture was thus instantly obtained, as in the 
Argand gas-burner ; the appear- 
ance, as viewed throngh the 
sight-boles at the end of the 
boilers, being even brilliant, and 
as if streams of flames instead of 
streaws of air, had issued from 
the numerous orifices. It is 
needless to add, that nowhere 
could a cooling effect be pro- 
duced, notwithstanding the great 
volmne of aur so introduced. 

The sectional view of the fur- 
nace, looked at from behind, as 
in Fig. 29, represents the cha- 
racter and diffusive action of the 
fame. 

This led to the enlarging of the door-end of the furnaces 

sufficiently to admit the required number of apertures and 
full supply of air ; an arrangement which has been for years 
in snccessfdl operation, both in marine and land boilers. 

On looking into the flues of land boilers, through suitably 
placed sight-holes, when the furnace is in full action, nume- 
rous brilliant sparks may be seen, carried through the flues 
with great rapidity, to the distance of ten to twenty feet 
before their luminous character is lost, and they become 
deposited in the tubes, or flues, or wherever eddies are 




Kg, SO.^Air through erifioM In Um 
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formed. These sparks consist, chiefly, of particles of sand 
in a state of fusion. When these do not thus separate from 
the coal, they fall on the bars, and, combining with the 
ashes, form clinkers. These particles of sand, flying off at 
a high temperature, adhere to whatever they touch ; and, 
with the dust, and small particles of cinders or coke, carried 
onward by the cnrrent, fill up the orifices in the ab-distri- 
butor boxes, and, if not removed, prevent the passage of the 
required quantity of air. 
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OF VABIdUS FURNACE ABBANGEMENTS, WITH 
OBSEBYATIONS THEBEOK. 

The following remarks on the peenliaritieB of the several 
plans of furnaces here shown, are the results of praetical 

observations extended over a series of years, and may here 
be useful, as indicating what should be avoidedi as well as 
provided, respecting the admission of air: — 

Fig. 30 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1889 ; introducing the 
air in numerous jets. This was applicable to land boilers, 
where ample space was afibrded for the perforated tubes, 
made of fire-clay, or cast-iron ; and was first adopted at the 
water-works in Liverpool. In this application the incon- 
venience arising from the sand and other matters in an 
incandescent state, adhering to and closing the orifices, was 
considerable. The plan, clearly described by Dr. Ure, as 
follows, was then substitutedi and continued in active opera- 
tion at those works. - 

''Among the fifty several inventions which have been 
patented for effecting this purpose, with regard to steam- 
boiler and other large furnaces, very few are sufficiently 
economical or effective. The first person who investigated 
this subject in a truly philosophical manner was Mr. Charles 
Wye Williams, managing director of the Dublin and Liver- 
pool Steam Navigation Company, and he has also had the 
merit of constructing many furnaces, both for marine and 
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land steam-engmesi which thoroughly prevent the prodaction 
of smoke, with increased energy of combustioni and a more 




or less considerable saving of fdel, according to the care of 

the stoker. The specific invention, for which he obtained a 
patent in 18d9| consists in the introduction of a proper 
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quantity of atmospheric air to the bridges and flame-beds of 
Uie fiimaces throagh a great number of small orifieee^ eon- 

nected with a common pipe or canal, whose area can he 
increased or diminished, according as the circumstances of 
eompleie combustion may require, by means of an external 
valve. The operation of air thus entering in small jrls into 
the half-burned hydro-carhuretted gases over thejina, and in 
the first flue^ is their perfect oxygenation — ^the development 




Fig. 81.— Aigand Fornactt. 



of all the heat which that can produce, and the entire pre- 
vention of smoke* One of the many ingenious methods in 
which Mr. Williams has carried out the principles of what he 
justly calls his Argand furnace, is represented at Fig. 81, 
where a is the ash-pit of a steam-boiler furnace ; b is the 
mouth of a tube which admits the external air into the 
chamber, or iron hox of distribution c, placed immediately 
beyond the fire-bridge ^, and before the diffusion, or mixing 
chamber /. The front box is per/orated either with round or 
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oblong orifieeif as shown in the two small figures 0 e beneath; 

d is the fire-door, which may have its fire-hrick lining also 
perforated. In some cases the £re-door projects in front, 
and it» as weU as the sides and arohed top of the fire-place, 




Fig. 8S.— OrSiiMij ]Iazii» FoniMe. 



are eonstmeted of perforated fire-tiles, enclosed in common I 

brickwork, with an intermediate space, into which the air 1 
may be admitted in regulated quantity through a movable 
valve in the door. I have seen a fire-place of this latter 

construction performing admirably, without smoke, with an 




Vig. sa-PtokMP Split Bzldge. 



economy of one-seventh of the coals formerly consumed in 
producing a like amount of steam from an ordinary furnace." 

The following are principally connected with marine 
boOers : — 

Fig. 82 represents the ordinary marine furnace. No pio- 
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vision whatever is here made for the admission of air, 
except from the ash-pit, and through the hars, and fael on 
them. It 18 needless to add, that, from the absence of air 

to the gas, a large volume of smoke mu&t here neces&arily be 
produced. 

Fig. 88. Parkes' Split Bridge. This plan, patented in 

1820, wa8 eflTective when the consumption of coal aud the 
generation of gas were small and onilbrm ; or when the 
fiimaoe was large, and heavily charged, to last for six or 
eight honrs, with slow combustion. The generation of the 
gas being uniform, and the demand for air moderate, the 
gappiy through the narrow orifice in the bridge was snffi- 




Fig. M.— Bplit Bridge modiflftd. 



eient. This plan has formed the basis of several re-inven- 
tions; the patentees either not being aware of it, or not 
acknowledging the sonrce of the effect for which they took 
credit. 

Fig, 34. This adaptation of the split bridge in marine 
boilers was early made, by the then Engineer of the Dublin 
Steam Company, to avoid the collection of ashes in the 
lower shelf of the air orifice, by which the passage of the 
air was obstracted. The fdmaces being charged at short 
intervals, and the combustion rapid, the supply of air was 
insulEcient. The aperture at the top of the bridge was 
liable to be choked with ashes and small coals, occasionally 
thrown over. 
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Fig, 85. This change was not found effective. The 
second opening for the admission of air, at the end of the 

bars, was quite irregular in its action. It was also found to 
mterfere with the action in the spUt bridge ; the air pre* 
ferring, at certain states of the fuel, to enter by the open 




Tig, SB^Split Bridge and Air at fhe Giato. 



space at the end of the bars» as the nearest and hottest 
course, whenever that place was uncovered. 

Fig. 86. This was adopted in a steamer of large power, 
and was intended to remedy the evil as stated in the last 
figure. The aperture being made larger, the air entered 




Slff. 86.— Air at ibe Bridge. 

too much in a mass, and produced a cooung effect ; and 

much fuel was also wasted by falling through into the ash- 
pit. This was subsequently altered to the plan hereafter 
shown in Fig. 41 ; the bars being reduced from 7 feet 
6 inches, to 6 feet, and with good effect. 
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Fig. 87. This arraugement remedied that of the pre- 
leedingy by saving the fuel thrown to the end ; and which, 
ialliDg on the small supplemental grate, was there con- 
sumed. In practice, however, it was less effective as to 
generating steam, and irregular in its aotioui and was very 
destructive of the bars* 




Fig. 37.— Air at the Brid^, and smaii Qzate. 



Fig. 88. This plan, adopted in 1840, was one of the first 
applied to marine boilers, on the principle of the Argand 
Aimaee, by which the air was made to enter in divided 
streamSy through the apertures in an eight-inch tube, from 
behind the boiler. This plan was fully effective so long as 




Ag. 88— Argund Furnaoe. 



the perforations in the tnbe remained open* The small 

orifices, each but a quarter of an inch, however, becoming 
covered, and closed by the sand and ashes, the supply of air 
was consequently diminished} and the tube became heated 
and destroyed. 
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Fig. 89. This plan, adopted in the steamer, the Leeds^'* 
was very effective so long as the inclined plate and its 
numerous orifices remained perfect. As, however, it also 
became clogged, or covered with coal, thrown over daring 
charging, it warped, and became iqnred. 




Fig. S9.->Aigand Enniaoo. 



Fig. 40. This alteration was made in the same boiler, to 
counteract the evil above-mentioned. The bars were short- 
.ened from 6 feet to 4 feet 6 inches. The air was here 
introduced through a plate pierced with half-inch holes. 
This was quite successful: ignition and combustion were 




Fig. 40.— Argand Fumaoe. 



complete ; no smoke formed, and the diminished combustion 

of fuel was considerable. The box, however, set in the 
bridge, was too small, and therefore liable to become filled 
by the ashes carried in by the current from the ash-pit ; 
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and <he fltoken negleoimg to keep iiie air-apertnieB fiee, 
there was no dependence on its action. 

Fig. 41. This arrangementy which remedied the above 
defecte, was adopted in the steamer, the Princess,'* and 




Fig. 41.— Argand Jb ui uaoe. 



also in the Oriental *' and ** Hindostan,** employed in the 

Mail service in the Mediterranean. Perfect combustion of 
the gas was effeotedy and, consequently, no formation of 
smoke. The nnmerons orifices are here removed from the 

direct action of the heat, or the liubihty to be choked. The 




regnlating valve, originally placed on the apertures, to 
regulate the supply, was, after a little experience, found 
to be unnecessary, and was removed. This plan has 
become, practically, the most effective, and, during the 
last ten years, has been adopted in numerous marine and 
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land boilers. The cost of the air-box was under forty 
shillings. 

Fig. 42. In this plan, the air was introdneed ihroQgh a 
tube laid on the bottom of the ash-pit, to avoid the cuirent 




Tiff. 48.— Air-bois at Bridge. 



of dust, and to enable the air to enter in a cooler state. 

This was found efi'ective as regarded combustion, but, being 
still exposed to the sand, dust, and heat, as already men- 
tioned, was snbsequently altered to that of Fig. 41. 















1 







Ilff. 44.— Aigaad Fomaoe. 



Fig. 48. This was a tnbnlar boiler, and is here shown as 

it camo from the maker in 1816. It was quite inefifective, 
giving much smoke, the tubes also being liable to injm*y by 
the shortness of the run. The air-box in the bridge was 
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goon filled with dust and ashes, as hero shown. The grate- 
bar being 6 feet 10 inches long, the flame necessarily reached 
the tnbes, doing mnch injury to the lower tiers. This was 

altered^ as shown in Fig. 4^. 




Fig. 4ft.--Goiiimo& Fnnaoe. 

Fig. 44. This is the same boiler, the fdmace alteration 
being attended with considerable advantage. The bars were 

shortened from 6 feet 10 inches, to 6 feet 3 inches. The 
defect of the short ran, and the limited time for combostionf 




Siff. 46.— Air-boK at Bifdge. 

incidentt o tubular boilers, was, however, irremediable. The 
change in the length of the bars alluded to, reduced the 
consumption of coal considerably ; smoke was, to a certain 
extent, avoided, and the amount of steam increased* In 
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this boiler there were 205 tubes of 2|-iiioh area. Engines 
190 horse-power. 

Fig. 45. This was a large steamer of 850 horse-power. 




I 

i 



with tabular boilers. The plan of famace here sbown 
represents it as it eame from the maker. Three lengths of 

bars, 2 feet 8 inches each, JilUd the entire space, leaving no 
room for the admission of air to the gas. The consequence 
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was^ a great consumption of fuel ; a great geneiatioa ot 
snuAe ; and niiieh ineoimiiieiiee and ezpenae, firom tha 
destnieiion of ttie tabes and free-plaia. 




Fig. 46. This is the same boiler. The bars having been 
shortened, the air-box was introduced into the bridge. Not- 
withstanding the evils of the short nm» the ohange here 
made was satisfactory. The importanoe of keeping the 

s2 
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air-passage free from obstruction was exemplified in this 
ease. The air-box was introdaeed in the after-hailery leaving 
the fore-bailer as shown in Fig. 45. During the voyage, in 
which 90 tons 18 cwt. of coal were used in the latter, but 
81 tons 15 cwt. were nsed in the former. The engineer 
reported, that "when the gases are properly consumed, the 
best effect is produced ; good steam is ob tained and less 
coal used." 

Kg. 47. This boiler also was tubular, 17 feet 2 inches 
long. Engines 370 horse-power. It is here shown as it 
came torn the maker. The grate-bars 9 feet ; dead plate 9 




Fig. 49.— <!toiDiiKnk Itonaoe* 



inches. The area for the admission of the air was quite in- 
adequate to the introduction of the necessary quantity. 
This boiler was then altered as in Fig. 48. 

Fig. 48. This is the same large steamer as in last 
number : the air-box being introduced into the bridge ; the 
result was a considerable diminution in the fuel used ; a 
better command of steam, and freedom from the nuisance of 
smoke. 

Fig. 49. This tubular boiler is here shown as it came from 
the maker ; grate-bars 9 feet 8 inches long, with dead-plate 
12 inches. No means for admission of the aii* to the gas. 
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In this bouer the run to the end of the tubes being so shorjt, 
the generation of steam depended, almost exclusively, on the 
large grate-surface from ten furnaces. The consumption of 
coal was very great, and the gmoke very dense. From* the 
shortness of the boiler there was necessarily but little room 
for improvement. It was altered as shown in next plan. 

Fig. 50. The same boiler, altered as here described, allow- 
ing the air to enter by a perforated plate. The inherent 
defects of the short boiler, and short ran, prevented the 
realising much advantage in this case. 




irig. 50.— Eerftmied Plate at Bridge. 



Fig. 51. This plan is here introduced as showing the prac- 
tical error of supposing that the gases could be consumed 
by causing them to pass through incandescent fuel. The 
effect of this plan is to convert the gas into carbonic oxide; 
and which, from being invisible, created the impression that 
the smoke was burned.'' It is needless here to dwell on the 
chemical error of snch an assertion. The fallacy of imagin- 
ing that cither gas or smoke, from a furnace, can be cou- 
sumed by passing ** through^ over^ or among " a body of 
incandescent fuel, prevailed from the days of Watt to the 
present. Numerous patented plans to the same effect. 
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might here be ffven, all having the same defect^ and equally 
ineffeetive. 

Fig. 52. This was one of the numerous hot-air expedients 
pressed upon public notice, under the illusion, that by heat- 
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ing the air, tJie smoke ivouhl he burned.'* A large hollow 
fire-bar, A, was placed in the centre, or sides of the furnace, 
with a regulating door for the admission of the air. The 

Admiralty having been induced to allow this plan to be 
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aaopied in the Steam Packet, the Urgent*^ at Wodwieh, 

the result was a total failure, and its consequent removal.* 
The supposed heating of the air being a mere assertion, 
made for the purpose of giving an appearanoe of novelty, 




Viff. 01— HoMr €BpedMiit aad Split Biidge. 



having been wholly without effect, the result was, that it 

reduced the so-caUed patent invention to that of Paikes* 
split bridge, with all its disadvantages when applied to 
marine-boilers and large furnaces. 




Fig. sa.— Hot-fldr coipediait and Split Bridge. 

Fig. 58. This was another modification of the split-bridge 

* Tho Urgent^ Captain Emenon, being then engaged in the Mail 
Service at Liverpool, this steamer came under my notice. For the 
purpose of testing the effects of this hollow-bar, I had an experiment 
made to aacertain the extent to which the air might be heated, and 
found no perceptible increase of heat could be obtained by it. 
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plan. Mr. West, in his published Report, on the methods 
Bubmttted to the Public Meeting at Leeds, in 1842, described 




Fig. 54.— iiot Air at the Bndg«. 



this in the following terms : It consists of a regulating 
valve, by -which air is admitted into a passage through the 




Fig. 6S - Cliaator'B System. 

bridge (the split bridge of Parkes* expired patent), for four 
hours after first firing. By tliis time, the coal is coked, and 
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the valve shut the remainder of the day.'* It is manifest 
there is nothing in this plan beyond the split bridge, accom- 
panied with the mode of firing and slow eontinnona combos- 
tion applicable to it. 

Fig. 54. This is but another modification of the split 
bridge, though announced as a plan for heating the air, by its 
passage through a body of hot brick-work. This plan, M. 
Peclet observes, was adopted in France, but abandoned. 

Fig. 55. M. Peclet gives this as one of Chanter's patents, 




Fig. 66.~Hdt AirattheBridgew 



which was also tried and abandoned in France. It will be 
seen that this is but a modification of the former plans. 
Fig. 56. This is another of the so-called hot-air plans, 

altliouirh it is nothing but the split bridge with a supple- 
mental grate, as adopted by Chanter and others. TLe 
patentee professes to have the air intensely heated,'' by the 
handful of scoria, or cinders, which fall on the supplemental 
grate. 

Fig. 57. This is another of the hot-air plans, as given 

x8 
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in Mr. West's Summary. The air is here supposed to 




be heated by passing through the vertical tubes a, placed 
in the flue, and' thence through the passage h, entering the 
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fomace by a siugle orifice, c. It is only necessary to observe 




that it would be impossible that one-fourth part of the 
required quantity of air could there obtain access, unless by 
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eo enlarging the orifice as to produce a cooling effect, by its 
then enteriBg m masse. 




rigs. 58 and 59. Tins phm, as in Fig. 58, with the sec- 
tional view, 59, is also taken from Mr. West's Summary, 
and is here introduced with the view of further point- 
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mg to the liot air, and smoke- burning " fallacy. Tbo 
following 18 the description given by Mr. West: '*The 
smoke, after having passed along the fines marked F, is 

intended to be caught by the fan 11, before reaching the 
damper G, and, along with a sufficient quantity of atmo- 
spheric air, is propelled along the return flue I, into the 

enclosed ash-pit K, where it is again forced through tho 
fire-grate C/' It is not necessary to add any comment on 
what is so wholly opposed to chemistry and nature. 

In the case of boilers ah-eady constructed, it may be asked 
how they should be altered so as to admit the required supply 
of air. In iand boilers^ where the fhmace doors are set in 
brick, they may easily be enlarged, and at a small cost, to 
allow space for the requisite number of oritices, the aggre- 
gate area of which should average five to six square inches 
for each square foot of grate-bar furnace, according to the 
description of fuel. 

In marine hoUers, however, the enlargement of Uie door 
end is troublesoix^e. Where suflicient space cannot bo 
obtained, it will be advisable, in addition to as many half* 
inch orifices as can be inserted in the back plate of the close 
door box, or in the neighbourhood of the door, to introduce 
the ordinary perforated air-plate, as already shown in Fig. 
41. This was the mode successfully adopted, in the pre- 
sent year, in the mail steam-packet, the LJeivelhjny The 
boilers being new, and the maker not having allowed space 
sufficient for door-frame plates of the required size, the 
deficiency was supplied through the ordinary perforated box 
in the bridge. 

The boilers previously in this vessel were remarkable for 
the continuous volume of dense smoke: the new boiler, 

independently of the absence of smoke, supplies more steam 
with a less consumption of coal. The contrast between the 
two modes of constructing furnaces, is well exemplified in 
the following extract from the report of Mr. Joseph Clarke, 
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the Engineer of the Dublin Oompanyy to whom this yessel 
Wongs.* 

In illustration of the alteration which should be made in 
marine boilers^ Fig. 60 represents the usual mode of con- 
tracting the door end to the mere size of the door frame, as 
at a. Fig. 61 represents the mode of cularging the openiDg, 
both at the sides and above the doorway at b, to allow of the 
introduction of a sufficient number of half-inch apertures, as 
shown in Fig. 62. It is hero worthy of note, that as the 
ordinary mode of constructing the door end of marine boilers 
is difficult and expensive, as shown in Fig. 60, the mode 
shown in Fig. 61 is so much more simple as to cover all the 
outlay for the air boxes shown in the next figures. 

Fig* 62 represents one of the modes adopted where the 
boiler has been originally constructed to admit the required 
number of orifices. This has been in successful operation for 

♦ " The Holyhead mail steam packet, " Llewellyny^ having uow been 
at work three months with new boilers, I have to transmit you tlie 
result of their performances. This vessel has two boilers ; one before, 
and the other abaft the engines. Thoir construction are predflely the 
same : each having six furnaces. Both have all their furnace fittings 
exactly the same. In order to put the smoke-prevention principle in 
contrast with the ordinary mode, the fore boiler was allowed to remain 
as it came from the maker, while the after one had the door frames of 
each of the furnaces (which are made with box mouth pieces) perfo- 
rated with 149 holes, each -/g inch diameter, to admit the air. T^ese 
not being sufficient,' llie perforated plate behind the bridge was added, 
in which there were 821 holes— in all, 470 holes; the gross area of 
which is equal to about 5 square inches for each square foot of fire 
grate. The result is, that the fore boiler gives out a continuous 
volume of dense smoke, and the after one none whatever. It is quite 
remarkable to see the steam blowing off from both boilers, and smoke 
only from one. I know nothing that could be more demonstrative of 
a principle than the contrast between the two boilers in this vessel. 
It attracted the attention of the passengers, and I resolved, therefore, 
on leaviiii^ the two sets of furnaces as they are for some time longer, 
to afi'ord the jmblic the opportunity of seeing that smoke prevention ia 
pructiculde. AMien the vessel can bo spared, it is my intention to mako 
the furnaces of both boilers alike.** 
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some years, auJ without requiring any repairs. In this 
plan it will be seen that air boxes are introdaced at the sides 
and above the doors. The air entering to the upper box at 




Fig. 60.— Common Famaoe. 



a, and to the side boxes at b b. (The left representing an 

ontsicle» and the right an inside view of the orifices.) In the 
centre is a sliding plate P, by which, alternately, the right 




Fig, 61.—Aigaiid FuiitoM^. 

or left hand upper orifices may be closed, when either 
furnaces are about to be charged. 

As much stress has been hiid on the value of having 
skilful hremen, it is important to show in wliat their real 
duties consist. The annexed figures will explain the differ- 
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ence in effect between the right and the wrong mode of 
charging a furnace. 

Fig. 03 represents the proper mode of keeping a uniform 




depth of coal on the grate-bars : — the result of which will 
be, a uniform generation of gas throughout the charge, and 
a uniform temperature in the Hues. 
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Fig. 68a represents the ordinary mode of feeding marine 
furnaces : charging the front half as high, and as near the 
door, as possibie, leaving the bridge end comparaiiveiy bare. 
The result necessarily is, that more air obtains aeeess 




Fig. 63.— I'roper ririug. 



through the uncovered bars than could bo required ; thus 
defeating all efforts at introducing the proper qoantity in the 
proper manner. 




l^ff. eaa.— I m prqpeir Firing. 

Where the air is properly introdaced, the dnties of firemen 

are all contained in the following instructions : — 

Ist. Begin to charge the furnace at the bridge -end, and 
keep firing to within a few inches of the dead-plate. 
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2nd. Never allow the fire to be so low, before a fresh 
charge is thrown in, that there shall not be at least four to 
five inches deep of clear, incandescent fuel on the bars» and 
equally spread oyer the whole. 

drd. Keep the bars constantly and equally covered, par- 
ticularly at the sides and bridge-end, where the fuel burns 
away most rapidly. 

4th. If the fuel burns unequally, or into holes, it must be 
levelled, and the vacant spaces must be filled. 

5th. The large coals must be broken into pieces not 
bigger than a man's fist. 

6th. Where the ash-pit is shallow, it must be more fre- 
quently cleared out. A body of hot cinders overheat and 
bum the bars. 

One important advantage arising from the control of the 
quantity of air is, that it enables the engineer to shorten the 
length of the grate by bricking over the after end of the bars, 
seeing that an unnecessary length merely gives the means of 
letting an improper supply of air pass in through the 
uncovered bars. 

The facility with which the stoker is enabled to counteract 
the best arrangements, naturally suggests the advantage of 
mechanical feeders. Here is a direction in which mechanical 
skill may usefully be employed : — the basis of success, how- 
ever, should be the sustaining at all times the uniform and 
sufficient depth of fuel on the bars. 

The plans of Bruntm*s revolving grate, Jukes^s moving 
bars, or StanJei/s self- feeding apparatus, need not here be 
described.* There is in these no pretension beyond what 
they can perform ; each acts the part intended, and, where- 

* Stanley's apparatus was early applied on board the Dublin Steam 
Company's vessel, tlic *' LiverpooL'" Independent of its inconvenient 
Itulk, it was wholly defective, when applied to larc^e furnaces, requiring 
the most active firing, and the irregular demand for steam incidental 
to maiine boilers. 
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evdr there is room for their introdactioji« and that the uniform 
amount of heat prodneed by those meani iaUa in ivhh the 
requirements of the steam eogine and the manniMtnrer» 

these will answer the de^^Lrcd purpose. 

We mnst here observe that these plans are inapplicable to 
marine fomaees, or where large qnantities of steam, and 

active and irregular firing, are roquii'ed. 

The simple operation in these is, the keeping continnoosly 
a thin stratum of fuel on the han^ and, eonseqnentlyt an 
abundant supply, and even an excess of air, through it, to 
the gases generated in small quantities over every part of the 
faeL l^either most we be led to snpposOy that they efbct a 
more economical nse of the faeL 

In an inquiry on the subject at the Society of Arts, much 
stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London. It ap* 
peared, however, that the saving arose, not from any more 
economic use of the fuel, or the generation of more heat, or 
by a more perfect combustion, but merely from the circum- 
stance, that the mode of feeding the furnace, and keeping 
continuously a thin stratum of fuel on the grate, enabled the 
proprietor to nse an inferior description of coal. 

Although the combustion of the gases in locomotive boilers 
does not come within the scope of these remarks, the 
peculiarities of the boiler, as shown in Fig. 64, are so illus- 
trative of the principle of admitting the air through numerous 
orifices, that it here merits attention. 

Eig. 64. This plan of boiler is the invention of Mr. 
Dewrance, when Engineer on the Liverpool and Manchester 
Railway Company, and was adopted in their locomotive, the 

Condor,'' By this arrangement he was enabled to use coal 
instead of coke, and with entire success. It will here be 
seen that the air enters from a separate passage to a number 
of vertical perforated tubes, from which it passes to the gas, 
in a large mixing or combustion chamber, through numerous 
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small orificefl. The resnli is, immediate diffosbn and eom- 

bastion. The deflecting plate, to a certain extent, counter- 





acts the short run, or distance to the tubes. A, deflecting 
plate ; B, combustion chamber ; C, common coal fire ; 
cold air passage. 
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In concluding these observations on the various modes of 
introducing air to the furnaces, it is only necessary to add, 
that all that manuflActarers have to do is, to imitate, as near 
as possible, the principle of the eommon Argand gas burner. 
Let them introduce the air by numeroiiJi small orijices to tlie 
gas, in the /umaee, as the gas is introduced by small orifices to 
the air in the burner. Let them begin by havitig as many 
half-inch or even three-quarter inch orifices, with inch spaces, 
drilled in the door and door frame, as possible. If the 
furnace be large, and the door-plate frame is not sufficient 
for the introduction of the required number of holes, let 
them introduce the perforated plate in the bridge, as shown 
in Fig. 41. 
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ON PROVIDING ADEQUATE INTERNAL SURFACE FOR 
TRANSMITTING THE HEAT TO THE WATER iOR 
EVAPORATION. 

On this bead, marine-boiler makers content themselves with 
calculating the gross internal superficies ; and having pro- 
vided a given number of square yards of so-called heating 
aiirfacef they consider they have done all that is necessary 
for providing an adequate supply of steam* 

As to general efficiency, the flue system is capaUe of 
6uppl3ring all that can be required, while it is free from the 
anomalies incidental to the multi-tubular plan. When 
larger quantities of steam are required for larger engines, 
this can be best obtained, not by additional tiers of tubes, 
but by extending the areas and length of run ; thus in- 
creasing the number of units of tinier distance^ and mrjace^ 
^ along which the heat-transmitting influence may be exerted* 

As to the importance of time and distance^ in connection 
with surface, it is only necessary to point to the len(jth of 
the fiamef in ordinary boilers, that being an unmistakeable 
evidence of the duratian of the process of the combustion of 
the carbon ; and which process cannot be interfered with, 
unless by the loss of that heat which would have attended 
its completion. 

Again, in addition to the heat obtained by direct radiation 
from the flame, we have to consider that large quantity 
which would have been given out by the gases, if their 
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combustion had been completed. It may hero be observed 
that it is the obtaining the service of the heated products 
by an adequate run of flue, with sufficient time and surface, 
that characterises the Conmh boilers. In these, the main 
feature consists in generating, by dow combvttian, no more 
heat than can be taken up, and transmitted to the water. 
In this respect, then, it is the direct reverse of the tubular 
system. In the former, there is slow combustion, — a con- 
tinnons small development of combnstible gas,— a long mn, 
— abundant absorbing surface, — a moderate rate of current, — 
free access of the water to the Hues, — and sufficient time to 
enable the surface plate to do its duty; — ^added to the 
adoption of every possible means of preventing the loss of 
heat, externally, by clothing the outride of the boiler. 

In the marine tubular boiler , on the other hand, everything 
is the reverse. There is the most rapid combustion, — ^the 
largest and most irregular development of gas, — a rapid 
current, — ^a short run, — a restricted and imperfect circu- 
lation of the vrater, — and a total inadequacy of time for the 
transmitting and absorbing processes, with a great waste of 
heat by radiation from the boiler. 

Another serious evil of this tubular system, and its short 
run, V7hich carries the heat away so rapidly, is, the over-heated 
state oj the funnel and steam- chest ; and the consequent 
danger to the part of the vessel in their immediate con« 
tiguity. 
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OF FLAMP!, AND THE TE^rPERATURE REQUIRED FOR 
ITS ntODUCTION AND CONTINUANCE, AND ITS 
MANAGEMENT IN THE FUj&NACES AND FLUES. 

That a high temperature must, uniutermittingly, be main- 
tained in the chamber part of the fumacey will at once be 
understood, when we consider that flame, continuous though 
it appears to be, is but a rapid succession of electric explo- 
sions of atoms, or groups of atoms, of one of the constituents 
of the gas — ^the hydrogen with oxygon ; and as rapidly as 
their respective atoms obtain access and contact with each 
other ; the second constituent — ^the carbon — taking no part 
in such explosions. Whatever, therefore, interrupts this 
succession (that is, allows the explosion of one group to bo 
terminated before another is ready, and within the range of 
its required temperature), virtually causes the flame to cease : 
in ordinary language, puts U out. 

Again, if by any cooling agency we reduce the tempe- 
rature below that of accension, or kindling, the effect is the 
same : the tueeesdon %b broken^ and the continuousness of the 
flame ceases ; as when we blow strongly on the flame of a 
candle, by which we so cool down the atoms of gas that 
they become too cold for igmtum^ and pass away in a 
grey-coloured vapour ; but which, by contact with a 
lighted taper, may again bo ignited, and the succession 
restored. 

Thus we see there are two modes by which flame may bo 

interrupted, that is, extinguished ; both of which are momen- 
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tarily in operation in our furnaces. 1st. By the want of 
saccessive mixture or groupings of air and gas. 2ud. When 
the gas is reduced in temperature by cooling agencies^ as 
will be shown hereafter. 

The two essentials of combustion are laid down by Sir 
Davy, viz* — temperatyrs and eontaet; he considers the 
management or treatment of the flame, and the means by 
which it may be effected or extinguished. He states, that 
on mixing one part of carbanie acid with seven parts of the 
mixture of gas and air; or one part of nitrogen with six 
parts of the mixture, their powers of explosion were destroyed, 
—that is, ignition was prevented. 

Again he observes : If combustible matter requires a high 
temperature for its combustion, it will be easily extinguished 
(by rarefaction or by cooling agencies, whether of solid sub- 
«tance8| or of incombustible gases." 

On examination of what passes in furnaces using coal, we 
see the direct connection between its effect, and what Sir 
H. Davy so clearly points out as the means of extinguxMng 
the flame. On looking into a flue boiler from the back end, 
a body of flame will be seen flashing along from the bridge, 
and if air be properly introduced, extending a distance of 
20 to 80 feet. This is the appearance which has to be 
sustained until the process of combustion he completed, if we 
would have the full measure of heat developed. 

On the other hand, looking into a tubular boiler, across 
the smoke-box, the lig^t of the flame may be seen through 
the tubes ; but, on entering their orifices, or at a short 
distance within them, it will appear to be suddenly cut short 
and extinguished, and converted into smoke. 

The distance, then, to which flame will penetrate tubes, 
he/ore being extinguished^ will depend on the rapidity of the 
enrrent, — the size of the orifices, — and the quantity and 
character of the gaseous products, entering in company and 
in contact mth it. These products are — 

F 
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From the coke . . carbonic acid and nitrogen. 
From the gas • • carbonic acid, nitrogen, and steam. 

Here we htm the very meombuBtible gases lefeired to 

by Sir. H. Davy, — not even in small, but in very large 
quantities, — forced into the most intimate possible mixture 
-with the flame. The result necessarilj must be, the 
reduction of its temperature, and consequent extinguish- 
ment. 

Under the eireumstanees of an ordinary ./Iiitf boiler, if the 
flue be of snffieient area, the prodnets of combustion 9epara$€ 

themselves, as seen in the flame of a candle, and as will here- 
after be shown* So in the fine, the hottest portion, and the 
flame itself, will take the upper part, thns avoiding that 
unnatural mixture with its own incombustible products — 
carbonic acid, nitrogen, and steam ; but which in the tubular 
system are again forced into contact with the flame from 
which they had separated themselves. 

That the temperature within the tubes will be reduced 
below that required for continnons ignition, may be tested 
by looking into them through apertures across the smoke* 
box end, or by introducing shavings or paper fixed to the 
end of an iron rod. In most cases (unless when the fuel on 
the bars is clear) the papw may be passed in and with- 
drawn, blackened with soot, or unscorched, according to 
the state of the furnace, indicating the low temperature 
within the tubes, and their utter uselessness as Heam 
generakm. 

The inference which this inquiry leads to as regards tha 
high temperature required — 1st, for the ignition, and 2Rdkj^ 
for the sustained existence of flame — ^b, that the tubular 

system is chemically, mechanically, and practically a de- 
stroyer of both* 
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This important branch of the snbjeet — ^promoting cironlation 

in the water in evaporative vessels — appears 
to have hitherto received but little attention 
yet promoting circulation is virtually promot- 
ing evaporation. Mr. PerkuiB proved by 
numerous experiments how much evapora- 
tion was increased by an unembarrassed 
action of the ascending and descending cur- 
rents of the water : since then, no further 
eJOfort has been made in that direction. If 
sufficient spaod be allowed for the action, the 
ascending and descending currents will of 
themselves take such directions as are most 
favourable for their respective function, as in 
Fig. 65, where an ascending current is seen 
in the centre, and a descending one on the 
sides. 

Dr. TJre observes, "When the bottom of 

a vessel containing water is exposed to heat, 
the lowest stratum becomes specifically lighteri 
and is forced upwards by the superior gramty 
of the superincumhent colder and heavier par- 
ticles,'' Here we have the correct theory of 
circulation. 

So far as regards the motion in vidX^x^ previous to ebullition, 

f2 




Rg. 66.-Circnlft- 
ttonof Water. 
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it has been commented on by all writers on the subject. 
The act of boiling, howeveri creates a species of ctixrents of 
an entirely different and important character. These have 

not received due attention, yet they are the most import- 
ant| inasmuch as they influence not only the amount of 

evaporation, but, as will be 

shown, the durability of the 
boiler itself. 

With reference to the 
movements among the par- 
ticles in water, it is a mis- 
take to suppose they will 
descend in the same vertical 
lines in which they had 
ascended, as a shower of 
rain would through the op- 
posing atmosphere. Such 
a direction would be im- 
practicable on account of 
the resistance of the as- 
cending currents of both 
steam and water, caused 
by ebullition. This may 
be illustrated by the an- 
nexed drawings. Fig. 66 
represents a supposititious 
case of the particles of 
water on reaching the sur- 
iace, turning and descend- 
ing in the same vertical lines in which they bad ascended. 
Fig. 67 represents the ascending particles of water flowing 
aloiuj the euffacs to the coolest and least obstructed part for 
their descending course. This is what takes place in all 
boilers. 

When heat is first applied to water, the uniformity of the 
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Fig. 68.— Cizoolatioii of Water. 
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motion is the mere resnli of dimmUhed specific gravity, thai 
being then the sole motive power. After ebumtton^ however, 
a new state of things is created. The columns of rising 
steam obtain great physical power, violently and meehani- 
eally forcing upwards the water which comes in their way. 

Vertical streams are thus 
induced, puiting in motion 
a body of water far greater 
than would he required for 
merely taling the place of 
that which had been eon* 
terted into steam. Now, 
as bodies or streams of 
water, commensurate with 
these continnonsly forced 
upwards, must necessarily 
retnm to prevent there 
being a vacant space, it is 
for these returniiir/ or 
doumward currents^ of what 
may be called surplus 
water, that we are called 
on to provide both space 
and fiicility. 

The difference in the 
character of the currents 
before and (rfter ebullition 
are shown in the annexed 
figures. These may be 

well observed in a glass vessel, of the shape here in- 
dicated, and about 4 or 6 inches wide, suspended over the 
flame of an Argand burner. Fig. 68 represents the uniform 
motion which takes place before ebullition. Fig. 69 re- 
presents the water after ebullition in its descending and 
revolving currents, forcing tJie rising columns of steam aside 
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Fisr. 67.— Circulation of Water. 
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from their vertical course, as marked by the arrows. These 
motions, which are not perceptible if the water be free from 
foreign matter, will be seen on throwing in a great number of 
small bits of paper, so as to occupy all parts of the water. 
The entire mass will then be exhibited in violent and re- 




JTig. 68.— EbuUiUon. 



▼olving cnrrents — the ascending steam occupying one side, 
and the descending body of water rapidly descending in some 
other part, bat manifestly occupying a much larger area oj the 
vessel than the ascending portion. 

So great is the ascensional energy and velocity of the 
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rising steamy and the extra water forced before it| that 
nnmerotis globtdes are borne along by the emrrent, and 

carried even downwards. These may be observed at a, Fig. 
69» in their slow oscillating motion» straggling to retom 
npwfirds thron^^ and against the force of the descending 
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water. These movements are highly instractive, and shonid 

be well examined, since, without an accurate knowledge of 
them, we cannot have a right conception of what is required 
for giving a dne circnlation to the water, and arranging the 
fines and water spaces in boilers to enable those motions to 
be completed. 
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The influence exercised by the descending body of water 
was strikingly illustrated in an experimental tin boiler, 12 
inohes long, with a single fine nuining horizontally through 
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it, the water being heated by the flame of a large laboratory 
gas lamp. The boiler being open at the top, the movements 
of the steam and water were thus ascertained, as shown in 
Fig. 70. So soon as the ebullition became strong, the 
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water spaces round the flae appeared insufficient to allow the 
steam to ascend, and the water to descend, 

equally on both sides. The consequcQce 
was, that much of the water forced np by the 
steam on the one side, was carried over by its 
violence, and descended on the other, thus 
making a circular course round the flue, and 
forcibly carrying along with it much of the 
steam that came in its way. This circular 
motion is shown by the dotted arrows repre- 
senting the steam^ and the plain arrows, th$ 
water. 

With the view of observing the injurious 
consequences of restricted water-ways, a very 
useful class of observations may be made by 
using a tall narrow glass as in Fig. 71, at- 
tached to a tin or iron vessel, with a flat 
bottom, to receive the heat from an Argand 
burner, or spirit lamp. 

Here the descending water is so obstructed 
by the joint columns of ascending steam and 
tcaicr, that both are thrown into great confu- 
sion: — ^their respective currents continnally 
changing sides, and the progress of evapora- 
tion considerably delayed. We here obtain 
a clear practical view of what must take 
place between the flues or tubes of boilers, 
with theu' usually restHcted water-ways. 

The violence and intermittent action which 
ensues where separate channels or sufficient 
space are not available, will be well illus- 
trated in the following experiment : Fig. 72 
represents two long glasses, each 2 inches Fig. 7i -Ebom- 
wide by 18 inches long, a and b connected 
by means of a tin apparatus c and d, at the top and botjy^- 
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leaving the communication open above and below; the 
whole being saspended over a fire, or eirenlar leriei of 
jets producing a strong heat. On the heat being applied, 
a current of mixed steam and water will be seen ascending 
in one glass, and descending in the other, as indicated by 
the arrows. There being here no eonfosicii or eoliision, 
a state of things will be produced highly favourable to 
the generation of steam; the colder water finding easy 
and continued access to the heated bottom of the vessel 
at B. 

If, however, the communication between the two glasses 
be cut off by inserting a cork or ping in one of the glasses, 
as seen at p, Fig. 78, the circnlation in glass b will be 

suspended, and the glass a will then have the double duty 
to perform of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom at b. The 
previous uniform generation of steam will then be succeeded 
by an intermittent action, explosive violence alternating 
•with comparative calm and maction, clearly indicating that 
the latter is only the interval of accumulating force to be 
discharged by the former. The rationaU of this inter- 
mittent action is, that the water being obstructed in its 
descent, the steam is necessarily delayed or accumulated in 
the lower chamber, and only discharged at intervals. The 
motions exhibited in these intermittent changes are little 
nnderstood, and have not been examined either scientifically 
or practically ; yet this branch of hydrostatics merits the 
most serious investigation in connection with the construc- 
tion of large boilers. 

Again, this accumulated steam getting sudden vent is ' 
discharged with great violence, literally emptying both the 
glasses and lower chamber* An equally violent, but more 
sudden, reaction of course follows, and a large body of 
colder water as suddenly rushes down to fill the space 
vacated. An interval will then necessarily be required to 
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raise the tomperature of this large supply of colder water, 
ftnd restore the previous state of ebullition. 

Here, then, we have % natmal and physical cause for the 
intermittent action on the small scale which takes place in 
boilers on the large scale, where free circulation is impeded 
by the want of adequate space. Hare also may be seen the 
trne source of priming in boilers where the act of ebullition 
is violent. 
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ON THE CIRCULATTOX OF THE WATER TN REEATTON TO 
EVAPORATION, AND ITd INFLUJiNCE ON THE TJEtANS- 
HI68ION OF HEAT. 

With reference to the onrrents in water cansed by the appli- 
cation of heat, the first point for consideration practically is, 
the direction in which the atoms of water approach the 
plates where they are respectively to receive heat. 




Tig. 74.— Steuniiaiiig. Elg. 7((.— Steam lisins* 

Bemembering that before any particle of water can leave 

the heated plate, and rise to the surface, as steam, it must 
be forced upwards by some colder and heavier particles.^* 
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Unless, therefore, a dae succession of such particles be 
enabled to take their places as fapidly as otheis have re* 
eehred the heat due to their vaporization, the plate itself 

cannot be relieved of its heat, and consequently, evapora- 
tion most be retarded. 



Hill 
lllili 

•I ' t 

|IMi|l 


1 


il 
'I 
li 


II 

'1 

ll 


il 

li 


llil 
'III 

li! 





[/UDUUUUD 



I J 

Ftg. 70.— CiioiilAtiini of Stitm and Water. 

To illuRtrate the direction in which the particles suc- 
cessively approach the heated plate. Fig. 74 represents a 
vessel of water — ^the heat being applied from beneath. The 
qnostion hero is, whctlier the colder atoms which are to take 
the places of the atoms of vapour, generated at the point 
A| will approach that point in the direction of the arrows 
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B, Oy or D« From what has just been shown, it is manifest 

they cannot arrive in the downward direction of b, and must 
necessarily come in that of either c or d. 

Again, snppose the heat be applied UUraUy^ a$to the Bide 
plates of a furnace. The question then will be, whether 
the colder atoms will approach the point a, as in Fig. 75, 
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Eg. 77.— Circulation of Steam and Water, Rg. 78,— Over- heated i uiuace-aown. 

in the direction of the arrows b, c, or d. For the same 
reasons it will be seen that it must be in that of either c or 
n* This is manifestly in iiaYonr of vertical^ rather than 
horizontal surfaces, as practically has been proved in the 
case of vertical tuhes. This advantage may be accounted 
for by the fact, that the cnrrents of the atoms of vapour, 
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and that of the water ahont to be converted into vaponr, 

will then be running in one and the same direction^ and 
oonseqnently, without obstraction or collision. 

Now as vaporization does not depend on the quantity of 
heat applied to the plate, but on the quantity taken from it, 
the amount of evaporation will be determined by the rapidity 
with which the colder atoms of water obtain access to the 
heated plate. Hence we see how more important it is to 
study the means of giving that access of the water to the one 
nde of the plate, than of heai to the other. 

The annexed figures will illustrate, practically, the direc- 
tion in which the colder water obtains access to the sides 
and crown plates of a furnace : — the arrows representing 
the atoms of water, and the dotted lines those of the rising 
stoam. 

An important question is here raised, — do the atoms of 
water approach the plate in the direction of the arrows as 
in Pig. 76 or Pig. 77 ? Everything goes to show that it 
must be as in the latter. We here then find that the crown 
or horizontal plates can be supplied from the vertical water 
epaees alone; and hence the importance of making those 
channels so large, and conveniently arranged, that the water 
may reach them in full current and quantity. This also 
accounts for the fact that the crown plates are the most 
liable to injury from being over-heated. The side plates 
next the fuel on the bars, becoming over-heated and burnt, 
we shall see, is referable to a different cause. 

The crown plates of a furnace are then the most liable 
to injury from the double cause of being exposed to the 
greatest heat, by direct impact of the fiame, and from the 
water having greater difficulty of access to them, as shown 
in Fig. 76. This causes them frequently to bulge under 
the pressure of steam, as in Fig. 78. This bulging on one 
occasion occurred in the first voyage the vessel had made ; 
nevertheless, uo inconvenience resulted from it ; — the iron 
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having been of good quality, the boiler remained in a Rtato 
of perfect e£iciency for many years ; and when ultimately 
broken up, the bulged part was as sound and thick as it 
ever had been. 

On this it may be observed, that if there be any obstruc- 
tion or sloggishness in the water reaching the crown plates 
(on its rismg from the vertical water-ways), the violence of 



the upward current of steam will carry it in the direction of 
the arrows in Fig. 79 ; — thus leaving the centre of the crown 
plate in contact wWi steam rather than water, and by which 
it necessarily becomes over-heated. 

Looking to the direction of the water on passing from 
the vertical side spaces to the crown plates, the shape, as in 
Fig. 80, would appear most &vourable for aiding the access 




I1g« 79.-01x011^11011 of steam and Water. 
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of the waieF— (the arrows show the direotion of the water, 

and the dotted lines that of the steam). The cylindrical 
shape, perhaps, offers the most advantages as regards direc- 
tion of the water, and the resisting power of the pUite. 
The inferen<'es to be drawn from these facts are, — First, 




Fig. 80.--Gironlfttioii of Steam aiid Water. 



that every possible facility should be provided for enabling 
the steam to reach the surface of the water without loss of 
time or temperature. Secondly, that ample spaee should be 
given, at the ends or sides, or both, for the large returning body 
of water, which had been forced upwards by the violence of 
the ascending columns of steam. Thirdly, that similar and 
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adequate means should be provided to enable the water to 
9fT€ad along the boUomf in its conrse to supply the nnmeroiis 

vertical spaces between the furnaces. 

It is more important that we investigate the absorbent 
power oj the recipient^ than that of the plate. All that the 
plate requires is, that its transmitting power — ^its proper 
function, be broiiyht into action. On this head, M. Peclet 
correctly observes, that, under ordinary circumstances, 
the quantity of heat which a metal plate has the power of 
transmitting, is far greater than what it is reully called on 
to transmit I ** To expect, then, that the plate will exercise 
a greater power of transmuting heat to some other body, 
than that body possesses for receiving and absorbing it, would 
be a physical absurdity. 

It is manifest that as the heat absorbing power of steam 
ia so inferior to that of water^ a much less quantity will be 
taken up, in given times, by the former than by the latter. 
Again, since no more heat can be transmitted through the 
plate from the one side than can he taken from it hy the 
recipient on the other — the transmittincf power of any given 
surface must be absolutely dependent on the absorbing 
power of that recipient, whether it be oil, water, steam, 
or air. If, from any circumstance, the water be prevented 
or delayed in gaining access to the plate, Ihe steam will in 
a like degree be obstructed in leaving U , the presence of 
the former being the very means by which the latter will be 
efifected. 
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CHAPTER XIV. 

OF THE CIRCULATION OF THE WATER IN RELATION 
TO THE DUBABILITY OF THE PLATES. 

Having considered the circulation of the water as regards 
evaporation; distinguishing the separate fanctions of the 
heat transmitter, and the heat recipient , we have now to 
examine its hearing on the durability of the plates. 

In the first marine boilers, the fines were made deep with 
narrow water spaces, usually about four inches wide. The 
object, then, was to combine the two essentials — ^adequate 
length of ran in the fine, with sufficient heating sur&ce. 
Among the disadvantages of this arrangement of the flues 
was, the recurrence of injury to the plates in the region of 
the furnaces by becoming over-heated* Although this evil 
of over-heating continues to be experienced, the direct cause 
of it has remaiued without due inquiry. Its recurrence was 
usually attributed to neglect on the part of the fireman, or 
the want of sufficient water in the boiler ; hence more im- 
portance was attributed to the necessity of having careful 
and experienced stokers/' than to the remedying the de- 
fective construction of the boiler itself. 

If the water indicated a level above the flues, all was 
considered right, and no thought was given to the possibility 
of its being deficient below or around them. Yet experience 
has shown, that although everything indicated a proper 
height of water in the boiler, the plates, particularly those 
connected with the fumaceSi were, nevertheless, subject to 
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be oyer-beated and injured. In such cases, if the ii'on was 
lammaiedy or otherwise of inferior qoality, it became cracked, 
or burned into holes. This state of things was strikingly 

illustrated in the boilers of the Great LiverpooV^ steam- 
shipy on her first voyage to New York, in lBiik2. The en- 
gineer, observing the side plates of the furnaces constantly 
giving way — some bulging and others cracked and leiikiiig, 
and even burnt into holes, although there was always a 
miffi4nent height of water in the boileri suspected something 
had interfered to keep the water from the plates, and with 
the view of testing it, introduced an inch iron pipe from the 
front into the water space between two of the fomaces. 
This at once brought the source of the evil to notice ; 
for although the glass w^ater-gaugo always indicated a 
sofdeient height of water mthiuy yet nothing issued through 
the pipe but eteam^ so long as the Jboiler was in full action. 

This fact unmibtakably showed that the over-heating of 
the plates was unconnected with the duties of the fireman, 
and was the result of inmffident cireulationf depriving the 
deep narrow fluenspaces of an adequate supply of water. 
There was then, manifestly, no remedy for this continually 
recurring evil, and a new boiler became necessary. 

The important point then for inquiry is, Why was the 
plate thus left in contact with steam instead of water ? 
There was here no apparent impediment to the steam rising 
to the snr&ce. There was, however, as we shall see, extra- 
ordinary difficulty of access to the water to disloihje the 
steani; and, as Dr. Ure observes, it must remain, until 
forced upwards by colder and heamer atom of water.** 

As the details of this boiler of the ** Liverpool " will afford 
opportunities for comment, on what is practically necessary 
for promoting circulation, they are here annexed. 

Fig. 81 is a plan of the boiler, showing the ten furnaces, 
and the narrow water-ways separating the series of narrow 
flues. 
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Fig. 82 is a section from A to B, showing the water 
spaces of 5 feet deep by 4 inches wide, and the direction 




! ■ i .i I I I I 1 1 >ii i 1 1 M I 

Bff. Sl^BoOflr of tiie *'£<Mf^" 



in which the water approached the side and crown plates 
of the fnmaces. The boUom horizontal water-space is here 
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seen, of ^ 5 inches deep, and from whioh all $he vertical 
tpaeee were to be tupplied. Ibis bottom space wis siso 
found to be macb obstructed by sediment and other deposit. 




Here we see the direction the water had to take in its 
downward eonrse was through one narrow four-inch space ; 

and then to be distributed over the bottom area of above 
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500 squaxe feet in its way to the vertical spaces between the 
furnaces and flues. 
Fig. 88 is a section across the fiimace* end of the boiler 




from C to D, showing the eleven narrow water spaces, 
and into one of which the trial- pipe was introducedi as 
already mentioned. 
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Fig. 84 is a cross section of the after-part of the boUer, 
from E to F, showing the sizteen water spaces between the 
floes. 




It may here be observed, that the side plates of the ten 
furnaces, which, as being the hottest, required the largest 
snpply of water, were, necessarily, the worst supplied, bein^ 

o 
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the farthest from the narrow downward current at the hack 
end. It is here manifest that the furnace side-plates could 
not have been adequately supplied with water, to take the 
place of the great volume of steam generated from their 
surfaces, and, consequently, that tl^e steam must have been 
retained in contact with them. It can no longer, then, be a 
matter of surprise that the sides of the furnaces became 
over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, would natu- 
rally flow along the surface from front to rear, as shown by 
the arrows. Fig. 82. (The construction of this boiler, as 
regards what takes place within the flues, will be further 
noticed in the Chapter on Draught,^') 

That the transmitting plate cannot be unduly heated or 
destroyed, where the recipient of the heat is water, may be 
tested in many ways. Water may be boiled in an egg shell, 
or in a vessel, the bottom of which, though made of card 
paper, will not be injured. That' the temperature of an iron 
vessel of even half an inch in thickness, containing boiling 
water, cannot be much, if any, above that of the water, may 
be tested by applying the fingers to it, immediately on being 
removed from even an " intense fire." In fact, the tempera- 
ture will rather appear to increase after its removal from the 
fire. The reason is obvious: — ^the heat being so rapidly 
taken up and absorbed by the water, its current through the 
plate must necessarily bo equally rapid. On removal from 
the flame, however, the exterior surface^ then receiving no 
further supply or increment of heat, is instantly reduced in 
temperature ; the current through the plate then becomes 
reversed^ and passes from the inside to the outside. The water 
side being absolutely the hottest, a new equilibrium is esta- 
blished, equal to that of the water at 212". For the purpose 
of putting this to the severest test, an iron vessel vidth a flat 
bottom and half-inch thick plate was placed over a furnace* 
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expressly constructed, so that it might bo expuseJ to a very 
great heat from a coke urged by a strong blast : the 
rapidity of the ebullition was extreme. It was so azTanged^ 
that it eotdd be suddenly removed from the furnace, and the 
temperature of the bottom instantly ascertained by the touch 
of the fingers. This was done repeatedly, yet, on all occa- 
sions, it scarcely appeared to have the temperature of boiling 
water. 

A conclusive illustration of the fact that the plates are in 
no way affected by thickness or temperature, is afforded by 

finding that, iu breaking up old boilers, those parts which 
were exposed to the most intense heat and direct impact 
with the flame, have continued sound, and wholly undo* 
terioratedy when the water had free access to thenou 
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CHAPTER XV. 



OF THE DBAUGHT. 

The dranght, or current of air pasBing throngli a fiurnaee, 

is occasioned by the difference in weight between the column 
of air within the chimneyy and that of an external column of 
the same proportions, — ^the ascent of the internal heated 
air," as Dr. Ure observes, depending on the diminution of 
its specific gravity, — the amount of unbalanced weight being 
the effective cause of the draught." 8ince, then, this levity 
of the inside air is the result of increased temperature, the 
question here for consideration is, how that temperature 
may he obtained with the least expenditure of fuel ? 

In marine boilers, numerous cases of deficiency of draught 
will be found to arise from an injudicious arrangement of 
the flues, and the conflicting currents of the heated products 
within them. 

M. Peclet observes, ** Where several tubes or flues open 
into one common flue, the cuiients are continued beyond 
their orifices, and by their mutual action affect or modify 
their respective forces. If, for example, two flues, A and 
B (see Fig. 85) enter the common flue 0, by oriflces 
oppodte each other, the influence of their currents on each 
other will be nilj if they have equal rapidity ; because the 
whole will pass as if they bad struck against a plane fixed 
between them. If, however, the currents be unequal, that 
which has the greatest rapidity wiU reduce the speed of ike 
other, and more or less have the effect of closing the orifice 
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through which the latter flowed. So many proofs of this,'* 
he adds, may be adduced, as to put the fact beyond doubt." 
" These streams of air/' he contmoes, in this respect, act 




FfgB. 86 and 86.— Diaiigkt. in Hiiet. 

on each other as streams of water. It is already known by 
the experiments of Savartf that where two streams of water. 




Itgs. 87 and 88.— Dxanglitiiilliies. 

of the same sectional area, act in opposite directions, and 
that one of them has even bnt a little more speed than the 

other, the latter is pushed back, and the influence is felt up 
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to its flonroe. The result of this collision in the fine may be 
avoided by the Diaphragm D, Fig. 86." 

Again, Phenomena of the same kind will be produced 




Flflr. 89.~]>i!aiight In FliieB. 



where the courses of two flues are at right angles to each 
othei-f as in Fig. 87. These ejects may also be avoided 




Fig. 80.— DzaughtmaCiumney. 



by the Diaphragm D, Fig. 88.'' This also is of frequent ' 
ocenrrence, and seriously aflfects the general draught, as will 
hereafter be shown. 
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Again, " Where the chimney or flue is common to several 
furnaces, the arrangement should be such that the streams, 
or correntB of heated gas, shonld not interfere with each 
other. Fig. 89 represents die arrangement that should 
be adopted in such cases.'* It is needless to observe how 
frequent this state o€ thrngg oeeurs, and how little attention 
is given to ii 

*' So, where a current of hot products issues horizontally 
into a chimney, it may happen that its draught would be 
entirely deetroyed^ if tiie rapidity of such current was con- 




Fig, 9L—T>mof^ bk a Chimiiey. 



siderable, as it would then have the effect of shutting the 
chimney like a damper." He then describes what occurred 
at a soda manufactory, with a chimney for general draught, 
which he had to construct, and which was also connected 
with a flue from another apparatus, as shown in Fig. 90. 
In this case, ''the current from the one flue completely 
neutralised that of the other.'* This he remedied by the 
partition P. 

Again, where three flues enter a funnel from three different 
ponitSf it is evident, he observes, that ''the diaphragms 
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Bbonld be so placed as to leave each cunreni an adeqaate 

section of the cliimucy," as in Fig. 91. The circumstance 
hero referred to may be found to exist in almost all maiine 
boilers. Barelyt bowevery is the interposition of these 
diaphragms thought of, yet numerous instances of the de- 
rangement of the draught, particularly of the wing boilers, 
most be within the knowledge of all engineers. 

Let US now apply these judicious practical observations. 
The &st boilers of the Great Britainy' screw steamer, are 
in point. The arrangement of these boilers have already 
been noticed with reference to their impeding the due 
circulation of the water. We have now to consider them in 
respect to their influence on the draught. 

In these boilers, attention was given, almost exclusively, 
to two objects: — ^providing the largest possible amount of 
fire-grate areas, and the largest aggregate of internal heating 
iufface* As to the former, almost the entire area of these 
large boilers may be compared to an aggregate of furnaces. 
Nevertheless, there was no command of steam, and the 
engineer stated, that the wing boilers were unequal in 
draught to the centre ones. The deficiency of draught in 
the furnaces of the side boilers will easily be accounted for 
on examining the plan of the upper tier of flues, and the 
numerous collisions where the heated products from twenty- 
four large furnaces entered the funnels, as shown in Fig. 92. 

The flues from the four furnaces of each wing boiler are 
here made to enter one common cross flue — each thwarting 
the current of the preceding one. No. 1 being checked by 
No. 2 — ^which crosses it at right angles — which, in its turn, 
was checked by No. 8, and so on — the same mal-arrange- 
ment taking place in each of the sixteen flues of the four 
wing boilers. These, it will bo seen, are the direct cases 
Educed by M. Peclet, where the products and current 
from one flue act as a damper on the draught qf iti pre- 
seding one. 
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Again, the joint products of the four flues of each wing 
boiler are made to enter the funnel by a single opening, 
which is not only at nr/ht angles with the flues from the 
four centre boilers, but directly opposite to those of the wing 




Fig. 92— First Boilers of the " Great Britain.** 



boilers on the other side. Thus the flues of no less than 
eight furnaces, all entering by a single opening, are brought 
into direct collision with those of the other four, and in 
the most certain way to afiect the draught of all. Here 

G 3 
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we have a combination of the evils referred to by M. 

Peclct. 

The case of the boilers of the Great Liverpool,'' is a still 




Tig, M^BoOflr ofilie » GntlkUHrvoA.^ 



greater violation of the rules which should regulate the 
draught. Here, there being bat A Sfingle tier of fines, the 
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required aggregate of heating internal surface waa obtained 
by the labyrinth of windings shown in Fig. 98. 

In the first place, the flames from the three centre taT» 
naces of each half of the boiler ai'6 forced into a single flue 
of but 18| inches wide, as shown by the arrows* Again, 
the gaseous products of each set of three centre fomaces, 
and which are necessarily the more powerful, are mude (o 
enter the smgle back flue at right angles, and across the 
cnrrent of products from the two wing fomaces, as shown 
by the enlarged view in Fig. Qi, It is scarcely possible to 



From 3 furnacea. 



From 2 wing furnaces. 



Fig. 94. — Boiler of the " Great LivuyoolJ* 

conceive a more direct case of collision, or a more efl'ectual 
damper by the hotter and larger cnrrent from three fur- 
naces, on the smaller cnrrent than the two wing furnaces. 

In these boilers, it is manifest that nine-tenths of the steam 
was produced by the plates in connection with the farnaces 
atom, and by a system of continued forcing ; the long run 
of flues being filled with dense black smoke. 

A considerable improvement was efiected by constructing 
furnaces in pairs* This had the important advantage of 
rendering any interference with the supply of air unneces- 
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Bary, by giving uniformity to the quantity of gas passing 
from the bridge to the flue ; smee, by firing the two fdrnaces 
alternately, the supply of gas is equalised on entering the flue 
from the bridges. 

This plan had the disadvantage of the ^Ut flue at the 
back end, where, as M. Peelet observes, the hotter or 
strov'ier current will always neutralise the other. In prac- 
tice, a strong or hot current of gaseous products will not, 
volnntarily, divide itself, to meet the arrangements of the 
flues : the whole, or nearly so, will pass either to the one 
or the other, in proportion to the temperature then in the 
flue, or to the length of the course each has to run to the 
funnel. 

The plan in Fig. 95 was adopted with the view of 
dividing the gaseons products, and thus spreading the 
heat along a doable sorface. This, however, was qnite 
defective, in as much as a gaseous stream cannot be induced 
to divide itself contrary to the laws governing the currents 
of fluids ; the hottest and shortest course being always 
taken by the gaseous products. 

The plan of a land boiler, as in Fig. 96, is that of a 
still more objectionable effort to divide the current into 
two smaller flues, with the view of increasing the internal 
surface. Here, the flue, after passing under the cylindrical 
boiler, and returning through a central fliae, is expected to 
divide itself into two streams, one to pass on each side of 
the boiler, on their way to the chimney. This is the case 
referred to by M. Peclet. A commission, he observes, from 
the Soeiete Industnelle of the Grand Duchy of Hesse, made 
a beries of experiments to determine the influence of the 
circulation of the products of combustion round boilers. 
By these it was proved, that the flue passing round the 
boiler had a considerable effect on the amount of evapo- 
ration. It was also cstabUshed, that if the products pass 
simultaneously by the two side flues, they will not distribute 
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themsdveB equaUjf^ and uM only pan by that which repreunU 
the leagt resistance. 

On the external circumstances that influence the draughty 
M. Peclet adduces many proofs of the importanoe of avoiding 




Fig. 85.— Split Draught Fig. 96.— SpUt Draught 



any interference with the introduction of the air, by reason 
of fhe direction of the wind outside the building. This is a 

circumstance which has excited no attention from our 
engineers. In marine boilers, placed low down in the 
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vessel, the direeiion of the wind, with reference to that of 
the current' entering the furnace, has often a considerable 

effect on the efficiency of the combustion. So, if the wind 
is opposed to the motion of the vessel or the reverse. The 
importance of this consideration is ezempMed where the 
vessel contains two boilers, having their furnaces facing 
different ways. In such case, according to the direction of 
the wind, or the motion of the vessel, one boiler will have a 
better draught than the other. 

In a discussion at the Society of Arts, on the subject of 
the prevention of smoke, Mr. D. K. Clark testified to the 
advantage of a rapid, or rather, intense draught, in per- 
fecting combustion and extinguishing smoke.** ** This," he 
observed, ** was the panacea he constantly held forth for the 
universal prevention of smoke in large fdmaces/' Mr. 
Clark's views are, unquestionably, well founded ; but the 
practical difficulty lies in the obtaining this intense 
draught,** or an adequacy of draught for even imperfect 
combustion, in many marine boilers. 

The absolute command of draufjht for the generation of 
the required quantity of steam, to enable the engines to 
work to their full power being then so essential, it becomes 

a question whether other means than the natural draiujUt 
should not be resorted to ; since, independently of the uncer- 
tainty in the amount of draught, and the consequent irre- 
gularity in the working effect of the engines, the cost of 
sustaining that draught may be so much in excess of what 
an artificial draught would be. 

This branch of the subject has excited little attention in 
this country. M. Peclet has investigated it with his usual 
care, and his results are worthy of record. Where the 
draught," he observes, ''is created by the expenditure of 
fuel and heat, the expense exceeds one-fourth of ihe com- 
bustible used. If we have not the means of otherwise 
employing that heat, the natural draught, by the chimney, 
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is then admissible. If, however, that heat may be made 
available for the purposes of evaporationi and if a draught, 

mechanicnUjf obtained, would cost less, it would tlicu be 
more advantageous to use it." 
Among other proofs, he gives two instanoes which 




Fig. 97.— Mechanical Draught. 



establish the fact. One, the hot baths on the Seine at Paris, 

the result of which was, that what was effected by the 
labour of one man alone, when the draught was mechanically 
produced, cost the valae of seventeen men's labour when 
produced by the natural draught from the heat of the. 
furnace. 
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The second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instance, 

a ventilator which emploijed the power of but six horses, 
was sujfficient to prodxice a draught equal to that of 50 
horses^ obtained by means of the natural draught of the 
ehvfnney. 

He then proceeds to consider the relative merits of the 
several descriptions of ventilators ; and comes to the con- 
olnsion, that the rotary &n with plain wings, bnt with the 
eccentric motion is to be preferred. The mode recommended 
for its application is given in Fig. 97, where, by means of 
an exhausting fan, the heated prodacts were directed into 
the ordinary chimney shaft. 

This opens a new £eld of inquiry, which is fax more 
important than any question arising from the mere relative 
cost of the natural or mechanical draught, the best con- 
structed boilers not unfrequently being insufficient, from 
the mere circumstance of a deficient draught. 

Impressed with the importance of the subject, several 
experiments by means of a fan apparatus, worked by a small 
steam engine, were made. The arrangement, as described in 
Fig. 98, also afforded the means of deciding many important 
points connected with the length of run, — the working tem- 
perature in the flue, and that of the escaping products at the 
chimney. In this Fig. A represents the boiler, 15 feet long, 
with an upper returning flue, having its own chimney A' 
furnished with a thermometer C, and a damper D, Houlds- 
worth's pyrometer P being connected with the return flue 
farthest from the furnace. Two sight apertures were intro- 
duced, — the one at S, opposite the furnace, to observe the 
action of the air, introduced through the door and air-box 
above it, as already described ; the other 8' looking into the 
upper flue. 

To test the practicability of converting the great heat 
which escaped by the chimney, an auxiliaiy boiler B was 
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attached, by means of a contintiation flue E, and furnished 

with a separate chimney B, with an exhausting fan F, to 
produce an increased draught. This auxiliary boiler had 
two thermometers, to ascertain the temperature of the 

escaping products, C and C", and a damper D\ so that the 
two hoilers miglif lie used separately or conjointly. 

Experiments with the auxiliary boiler and exhausting fan 
draught : — 



ExperimentB. 


Coal ufied 
per hour. 


Water 

evfiponited 
per hour. 


W'ater 
evaporated 
per lb. of 
CkMO. 


Pyrome- 
ter heat 
in Hue. 


Tempera- 
lure of 
he, it es- 
caping. 


1 With fan draught. 

2 With ordinary ) 
chimney draught, j 


205 lbs. 
215 lbs. 


2454 lbs. 
1552 lbs. 


9*26 lbs. 
7*21 lbs. 


1025" 
725* 


650° 
410" 



The effect produced by the fan draught was thus not only 
to increase the evaporatiye power of the boiler, witJdn the 

hmir, from 1552 to 2454 lbs. of water, but to increase the 
evaporative effect iiomeach pound of coal used, from 7*21 lbs« 
to 9-26 lbs. 
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OF THE TUBULAB SYSTEM AS APPLIED TO MARINE, 
LAND, AND LOOOMOTIYE BOILERS, IN REFERENCE 
TO THE mCULATION OP THE WATER AND THE 
PROCESS OP COMBUSTION. 

Having considered these snbjects in reference to fliie boilers, 
•we have now to examine them in connection with the 
tubular system. The annexed views of a locomotive and a 
tnbniar boiler will enable us to appreciate their respective 

peculiarities. 

In the locomotive, Fig. 99, the fomace compartment, 
called the £re-box, is placed at one end of a long boiler, 
and so apart from the tubular compartment, that, as 
regards the objects of circulation and evaporation, they may 
be considered in the light of separate boilers. 

In the marine boiler, as in Figs. 100, on the contrary, 
the tubes, placed directly over the furnaces, become en- 
veloped in the atmosphere of steam generated, and rising 
from the latter. This is virtually the placing one* boiler 
over another : — a tubular over a flue boiler, and within the 
same shell. By this arrangement, the steam generated from 
the furnace department (and which is necessarily the largest 
in quantity) cannot reach the surface without passing through 
the numerous close sets of tubes, and the steam and water 
• which surround them. 

So also of the water; it can neither ascend or descend 
without £rst working its way through the intricate mazes 
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presented by the tubes : — no more certain method, thereiore, 
eonld have been devised for producing a mischievous inter- 




ference with the respective fanctions, both of the water and 
the steam. Here, then, is another violation of the principle. 
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that ''no part of the heating surface should be so situated 
that the steam may not readily rise from it, and escape to 
the surface of the water." 




In proceeding to consider the marine tnbnlar boiler, it 
will be well to take one of modem constraction, and examine 
how far its arrangements are in accordance with the opera- 
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tions of nature^ and particularly as to tlie following points, 
viz* :— 

Ist. The proportioiiB of the fnznace. 

2nd. The distance the flame and heat have to trayeL 

drd. The tune aTaOahle for giying out heat. 

4th. The admission of the air. 

6th. The cireolaUon of the steam and water. 

6th. The effecta of the tabes, as heating sui&ces. 

7th. The economy. 

First. — Of the proj^ortiam of the furnaces, A remarkable 
feature of this boiler is, that its entire area may be con- 
sidered as one large fiimace, indicating the dependence on 
this department for the supply of steam. As to its several 
parts, there is disproportion everywhere. The chamber 
above the fuel is not one-half the size it should be in propor- 
tion to its length. Allowing a proper body of fuel on the 
bars, there will not be 12 inches space between it and the 
crown plates ; yet ia this shallow chamber, and under the 
influence of a rapid current through it, all the operations of 
gas making, gas heating, mixing with the air, and combus- 
tion, are to be carried on. 

So of the ash-pit ; although above 9 feet long, it has but 
an average depth of 18 inches. Thus the spaces, both above 
and below the fuel, have the character of long narrow pas- 
sages, causing injudicious longitudinal currents, and coun- 
teracting all the processes of nature. 

Second. — Of the distance which the flame and heat have 
to travel. The deficiency is here remarkable, there being, 
in flEtct, but a few inches of lineal run between the fuel and 
the first range of the tubes ; say from A to B. It may then 
be asked, what is to become of the great body of flame and 
half-burned gases rising from the eoal on an area of 20 
square feet, tibe bars of each furnace being 2 feet 6 inches 
wide, by 8 feet in length ; the six furnaces of each boiler 
thus presenting an aggregate bar 'sur&ce of 120 square feet. 

The inference is, that the tubular boiler (accompanied by 
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a short run, with a large area of fire-grate, and using bitu- 
minoiis coal) is wholly incompatible with perfect combos- 




Eig. 101.— Ifaiine Boiler. 



tion, and obtaining the due measure of heat from the fuel 

and flame. 

Third. — OJ the time allowed for giving out heat. Th^ 
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question of time and distance being so directly connectedy 
whatever influences the one must have a corresponding 
efiect on the other. When, however, we consider that the 
time or interval that can eUpse between the passing the 
flame from the furnace, and its reaching the tubes, can be 
but a small fraction of a second, such must be wholly in- 
sofficient for giving out the heat from so enormous a body of 
flame. 

Fourth. — Of the admission of air. No provision whatever 
is here made, apart from that by the ash-pit* The manifest 
error of snch an arrangement will be best understood by 

pointing to the utter impossibility of the 300,000 cubic feet 
of air required for the gas, together with the 600,000 cubio 
feet for the coke from the three Urns of coal hourly consumed 
on the bars, to And access through the body of coal resting 
on them. 

Fifth. — Of the ciretdation of the im^* In this boiler 
nothing has been done in aid of the ourcnlation, but much, 

on the contrary, to embarrass both its ascending and 
descending currents. This is even aggravated by the cir- 
cnmstance of the water space, at the back end, which in 
flue boilers J as being the coldest ^ and farthest from the 
furnaces, and most favourable for the descending water, is 
here the hottest; the great body of flame being projected 
directly against it at 0, and therefore most unfavoarable for 
that descending current. 

Sixth. — Of the tubeSf as heating surface. In the marine 
tubular boiler, where coal is nsed, and no transparent gaseous 
products exist, but on the contrary, where there must be 
always a large volume of fnliguious gas and flame, the tube 
system is wholly inapplicable. 

Seventh. — Of economy. In the use of fuel in this boiler, 
econ&iny is out of the question. The great supply of steam 
being generated from the radiated heat and impact of the 
&me in the furnaces, the system of forcing the fires becomes 
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an absolute essential * the greater the weight of coal consumed 
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Fig. 102.— Boiler of tbe "Uedt." 





in given times, the greater being the amonnt of available 
flame prodaced. 
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A farther disadvantage of the marine tahnlar hoiler is, that 
there is no place for the deposit of soot, sand, ashes, and 
other matter which accompanies the use of coal ; or the 
scale or sediment which is fomid both inside the tabes as 
well as outside of them, in the narrow water-spaces. The 
result is, that all this matter accumulates in the tubes and 
bottom of the smoke-box, requiring constant attention for its 
xemovaL 

A practical illustration of the disadvantages of small tubes 
was alforded in the boiler of the steam- vessel, the Leeds, 
in which, for the express purpose of deciding the question, 
one-half the boiler was constructed with tubes of 3 inches 
diameter ; the other having enlai'ged tubes of 7 by 5 inches, 
as shown in Fig. 102. 

The result was, that for years no repairs whatever were 
required in the latter, while the former was a continued 
source of annoyance and expense ; besides that, it was less 
effective as a steam generator. Many of the small tubes 
had to be renewed ; the water spaces were liable to be filled 
with incrustatipn ; and the face-plate, in which the tubes 
were inserted, required to be drawn in, and the tubes again 
riveted ; innumerable patclies and additional bolts were from 
time to time introduced to secure the back face-plate, and 
keep it in its place. 

Here also was a practical confirmation of the fact, that 
the mere circumstance of having a larger aggregate surface 
had no effect in producing increased evaporation, the 
a</(jregate mrfaee of the mall tubesy in the one-half of the 
boiler, being double that of the laryer cue^ in the other half. 



Digitized by Google 



CHAPTEB xyn. 

ON THE USE OF HEATED AIR, AND ITS SUPPOSED 
YALXJE IN THE FUBNAOES OF BOILERS. 

Among the devices by which the public have been led astray, 

may be mentioned, the use of hollow bars, supplemental 
flues, caloriflc plates, self-acting valves, doable grates, heated 
tubes, and such like contrivances. 

When these so-called inventions came to bo examined, it 
was found that they were incapable of imparting any sensible 
degree of heat to the great volume of air required. That 
they were, in fact, but so many proofs of the ingenuity of 
their respective advocates, and of the ease with which the 
public may be unposed on ; and that the announcement of a 
scheme for consuming, or preventing smoke, by the use of 
hot-air was a mere professional and ad captandum averment, 
based on no principle, justified by no proofs, and supported 
by no chemical or practical authority. 

The idea that there was some undefined value in the use 
of hot-air, originated in the hot-blast system in the manu- 
facture of iron. The principle or process by which iron may 
be melted has, however, so little relation to that by which 
the combustion of the coal gas in furnaces is eiected, that 
no analogy whatever exists between them. 

To show in a still stronger point of view the deception 
practised, either on themselves or on others, it may bo 
observed that it is not to the coke or incandescent part of 
the fuel on the bars that these patentees would apply the 

h2 
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hot air, (as is done in the iron furnaces,) but to tlu gases in 
the f umaee chamber, where the great disproportion between 
the relative bulk of the air required, and the gas, is already 
so obstructive of rapid union and combustion, and one of the 
great difficulties to be encountered. 

With reference to the nse of hot-air in boiler fiimaees, no 
inquiry appears to have been made, either as to the tempera- 
ture to which its advocates would raise it ; or even whether, 
by any of their plans, it would be heated at all. Still there 
was Bometliinf^ so plausible in the enunciation of a plan 

for consuming smoke by means of hot air," that it was 
listened to by many who had no means of investigating ita 
supposed merits, or detecting its fallacy. 




Fig. 108.— Air at 82" = 86 grains = 28 nitrogen, 8 oxygen. 

The first question for inquiry here is, what would be the 
effect of heating the air before it would be introduced into 

the furnace ? Chonicalb/y no change whatever is effected. 
Mechanically^ however, an important change takes place, 
namely, that its abready unwieldy volume is still further 
increased. Thus, if a cubic foot of air be heated one addi- 
tional degree, its bulk will be increased -riir part ; conse- 
quently, if heated by an addition of 480 degrees, its bulk will 
be doubled. 

Let us then see if any effect be produced on its cojistitu* 
enu by this enlargement of its volume. Let Fig* 108 repre- 
sent a body of air at the temperature of 82^, and weighing 
86 grains, viz., 28 grains of nitrogen, and 8 grains of 
oxygen; these being the proportions as they exist in the 
atmosphere. 
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Again, lei Fig. 104 represent the mme might of air, heated 
to the temperature of 32 + 'iBO = 512''; its bulk being 
then doubled. Nevertheless^ there are still but the same 
relative weights, viz., 28 grains of nitrogen and 8 grains of 
oxygen, and no more. 

NoW| as the efficiency of the air in producing combustion 
and generating heat is not in the proportion of the hulk^ 
but of the Height of o.rifgeii it contaius, nothing has been 
gained by such increased temperature ; while this great 
practical disadvantage has been incurred — ^that dauhle the 
volume of air must be introduced into the furnace ; and, of 




Eig. 104 —Air at 32* = 86 gnins = 28 nitrogen^ 8 oxygen. 

course, double the draught must be obtained before the 
same quantity of gas can be consumed. 

The practical inconvenience of enlarging the volume of the 
air by heating it is easily illustrated ; for if the oxygen of 
800,000 cubic feet of air, at atmospheric temperature, be 
required for combustion of one ton of coal, it would require 
that of 600,000 cubic feet if raised to 512° — a volume which 
no natural draught would be equal to. 

Sir H. Davy says : " By heating strongly gases that bum 
with difficulty, the continued inflammation becomes easy.** 
Thus, as they are more easily inflamed when hot than cold, 
we have this testimony in favour of heating the gas rather 
than the air. With reference to heating the air, and thus 
expanding it, Sir H. Davy does not appear to have attempted 
it ; but he has done what was more to the point — ^he tried 
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the effect of condensing it. Professor Brande says : Sir 
H* Davy foand considerable difficulty in making the experi- 
ments with precision ; but he ascertained that both the light 

and heat of the Humes of sulphur and hydrogen were increased 
in air condensed /our times,'' This is decisive against heating 
the aiVf and in &voiir rather of condensing it* 
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CHAPTER XVIII. 

ON THE INFLUENCE OP THE WATER GENERATED 

IN FURNACES FROM THE COMBUSTION OF THE 
HYDKOGEN OF THE GAS. 

The fact of the great quantity of water produced admits of 
no doubt. Bituminous coal, we have seeui contains from 5 
to 6 per cent, of hydrogen, and as each pound of hydrogen, 
in combnstion, combines with 8 pounds of atmospheric 
oxygen, the product is 9 pounds of water. Each hundred- 
weight of coal, then, containing on an average 5^ pounds of 
hydrogen, the product will be nearly 50 pounds of water. 
Thus the gas from each ton weight of coal will produce 
about half a ton weight of water, in the form of steam. 

When the coal gas is generated in the furnace, the first 
operation towards its combustion is the union of its hydrogen 
with the oxygen from the air, forming w ater. This chemical 
union, as already shown, produces that intense heat which 
raises the other constituent — ^the carbon, to the temperature 
of incandescence in the form of bright visible flame. It is 
this heat which, on being applied to some solid body, as 
charcoal, or lime, produces the extraordinary luminosity 
exhibited in the oxy-hydrogen microscope. 

By the apparatus shown in the annexed Figure 105, this 
water may not only be condensed, but collected. It consists 
of a tin vessel, a, about four feet long, filled with cold 
water: — the fiame of a large gas burner b, and the heated 
products passing through the flue o, slightly inclined from 
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c to to favour the escape of the condensed water of 
combustion. 

The flame and other prodnets of the gas heing directed 
through the fine, the steam will be coudensed within it, and 




the water will continue dropping from the lower end into 

the vessel e, as long as the flue remains sufficiently cold : — 
the other prodacts passing off by the funnel, and at a very 
low temperature. 
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In boilers on the flue system where there is sufficient 
room, this steam prodnces no injurious effect, by reason of 
its having space to separate itse{f from tlio flame, as rapidly 
as it is generated* 

In the tubular system, however, the iigurious influence of 
this mass of steam is serious and palpable. 



n3 
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CHAPT£E XIX. 



ON INCREASING THE HEAT-TRANSMITTING POWER OF 
THE INTERIOR PLATE SURFACE OF BOILERS. 

Umdeb the most favourable ciromnstances of boilers, a 
larger portion of heat will be lost than would be reqnired 
for merely producing the necessary draught. Experiments 
weroi therefore, made with the view of eoonteracting this 
great waste of heat, and which established the fact that it 
was possible, to a certain extent, to increase the quantity of 
heat transmitted by any given surface of plate. It is 
true a plate, 10 feet by 10, equal to 100 square feet, 
presents the same amount of surface area as one of 100 
feet long by one foot wide. As a steam generator, however, 
the effect would be very different : — ^the Uneql run or 
distance travelled over being as 10 to 1, and occupying ten 
$$conds of time in the first, and but 07ie second in the other. 

When the gaseous products of combustion are carried 
through flues or tubes, this lineal current passes at right 
angles to the line of transmission of heat through the plate. 
If, however, we heat one end of a rod of iron, a large 
conducting power is brought into action, the heat passing 
ImffitudinaUy along its fibres. Now this is the power that 
has been hero rendered available. 

Independently of the conducting power which a metallic 
pin or rod may have, it possesses then a receiving power, 
greater than is due to its mere diameter. 

Suppose an iron or copper pin of half an inch diameter. 
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inserted in a plate, and projecting 

into the fluo three inches hei/ofid its 
surface f and across tlie current of the 
heated products. In snoh eases, the 
portion of such plate occupied by it 
will be equal to a disk of but half 
an inch in diameter, while the pin 
itself will present a hetLi-reeeiving 
surface of 4J inches. By this means 
we obtain an effective heai-receiving 
snrface, nine times greater than the 
area of the plate which the pin 
occupied. If, then, a series of these 
condnotors be inserted in the flue 
and furnace plates, there will be an 
increased effect from the circum- 
stance of the current of the heated 

products being directed against thenij 
instead of passing along the surface 
of the plate. 




Tig, loa— Gondvetor Pfam. 



Fig. 107.<-Condiiotor Fins. 

The popular impression that the 
three-legged pot boiled sooner than 
the one without legs, though it 
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passed as a fable, was, nevertheless, a true one, — ^the legs 
acting the part of heat-condnotors. This was tested by 

having a large pitch-pot constructed with twenty legs iD stead 
of three — ^the bottom being thus furnished with so many 




projecting conductors, each six inches long. The result was, 
that pitch or water was more rapidly boiled in this than in 
one of the ordinary kind. The principle of projecting beat 
conductors thus was shown to be entitled to attention, and 
practically available. 
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The following experiment is illustrative of the increMed 
evaporative effect produced by the condoctor pine. In 

Fig. 106, 1 and 2 are tin vessels containing the same 
quantity of cold water, 1 being furnished with the con- 




Fig. 100.— Eviq^ted 7 IbB. 14 oz. Fig. 110.— EYaporated S llw. 6 os. 



dnctors made of ^ copper wire, and two left plain; a 
thermometer, 4, being suspended in each : 6 is a vertical 

flue, through which the products from the flame of a 
large gas-burner passed. Fig. 107 is a sectional view of 
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the same. The temperature in both yessels was taken in 
two nunntes' time. The following are the progressive rates 

at which the water was raised to the boiling point. 



Pan with Conductors. Pan witliout Conductors. 



Initial Temperature, GV 


Initial Temperature, 61° 


16 . 


163" 


After 2 minutes, 76" 


After 2 minutes, 70° 


18 . 


171* 


„ 4 


» . 95° 


n ^ tf 




20 . 


181** 


„ 6 


„ . 124° 


n w 


. lor 


22 . 


188° 


» 8 


„ . 161° 


f> ^ 99 


, 118° 


24 . 


196° 


„ 10 


ff . 177° 


>» 10 „ 


. ISO'' 


26 . 


203* 


„ 12 


„ . 20 r 


1 


. 146° 


28 . 


210° 


„ 13 


„ . 212*^ 


n 14 „ 


. 156° 


29 . 


212' 



Thns it appears that the water in the pan with the heat- 
conductors, was raised to the temperature of 212° in 13 
minutes, while that in the plain pan required 29 minutes. 

The following experiment shows still farther the valne of 
assisting the evaporative power by the aid of these con- 
ductors. 

Three tin boilers, as in Figs. 108, 109, 110, were placed 
in connection with a large laboratory gas bnmer. In each 

was put 22 lbs. of water ; 80 cubic feet of gas were consumed 
in each experiment, in two hours and forty minutes. The 
result was as follows 

lbs. OS. 

Fig. 108, without conductors, evaporated 4 14 of water. 

109, with conductors on one side only 7 14 „ 

110, with conductors projectmg on 

both tides • • • • 8 6 

The quantity of gas consumed was the same in both 
cases, — the heat generated was the same, — the area of flue 
plate .was the same, — ^the di£ference in effect was therefore 
alone produced by the greater quantity of hetU trimmiUted to 

theivater, longitudinally, throiujli the conductors. 

In this case, the heat conveyed to the water, and that 
escaping by the funnel, showed that where the waste heat 
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was greatest, the evaporative power was necessarily the 
least. 

Fig. lOS. Pan without Combxjctobs. 



Gas consumed. Heat of Water. Heat escaping. 

58 ... • 62 

6 feet .... 120 .... 382 

10 . . . • lo2 . . . . 300 

15 .... 162 ... . 39.^ 

20 • ... 161 ... • 39G 

25 .... 166 .... 402 

80 .... .... _406 

988 24:^2 

Evaporated 4 lbs. 14 ounces. 

Kg. 109. Pan with Conductors pbojbctino on one side. 

Gm OGiunnied. HMtofWatsr. HeatMcaping. 

58 ... . 62 

Sleet .... 143 .... 257 

10 .... 160 • ... 280 

15 .... 172 .... 885 

20 178 .... 892 

25 .... 186 .... 800 

80 • ... 188 .... 820 

1085 1996 
Evaporated 7 lbs. 13 ounces. 

Fig. 110. Pan with Conductors pkojectinq on both sides. 

Gm eonwimed. Haat of Water. Heat etcapingr. 

• • 58 ... . 02 

5 feet .... 152 .... 248 

10 .... 174 .... 273 

15 .... 178 ... 6 276 

20 .... 182 .... 278 

25 .... 186 .... 282 

80 .... ISS^ .... 284 

1110 1703 



Evapomted 8 lbs. 5 ounces 
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The comparison of the three pans then stands thus : 



Conduetor pins were applied to the boilers of a six-horse 

engine. The result was, that each inch deep of water, 
which previously required twenty-eight minutes to evaporate, 
was, by means of the conductors, done in twenty-one 
minutes.* 

Encouraged by these results, conductor pins have been 
introduced into many marine and land boilers with unques- 
tionable success. After many years of observation as to 
their durability, the conclusion is, that a projection into the 
flues of three inches is the most advisable* If longer, they 
will bum away to about that length* 

Supposing the conductor to be made of half-inch rods, 
and inserted at intervals of three inches, the strength of the 
plate has been tested, and found to be rather improved, the 
conductor pins apparently acting the part of floor bridging, 
and giving increased stiffness. 

Supposing the area of the flue to be two feet square, then 
the introduction of the pin conductors may be ad shown in 
the annexed Fig. lll.t 

As illustrative of the mode and extent to which the 
system has been practically applied, Fig. 112 and Fig. 118 

♦ Dr. IT re, impressed with the same view, made some experiments 
with corrugated plates. The effect, he observes (see his Dictionary of 
Arts), was remarkable : the water evaporated when the current of 
heated products passed across the corrugations, and, as it were, 
striking against them ; being so much greater than when it ran in 
the same direction. On the same principle, the heat transmitted was 
increased when the ouiient of the products was intercepted by the 
condnotors. 

t The principle of these condnctor pins has been adopted in sugar 
boiler pans, and other descriptions of evaporative yessels ; and would 
no doubt be applicable to the ^^erations of brewing and distiDing. 



Hsat retained. 



Heatloet 

2432 
1996 
1703 



1 Fans without conductors 

2 „ single conductors 
8 „ double conductors 



988 
1085 
1110 
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' represent a plan and section of the boilers of ** The Royal 
WiUiam,'' These boilers were in constant use for nine 
years, and with the most perfect saccess as regards economy 
of fuel, — freedom from the smoke nuisance, — evaporative 
power, and durability ; the number of conductor pins was 

The plan of the boiler described as Lamb and Summers' 

patent, may here be given, inasmuch as one of its peculiari- 
ties is connected with the use of the heat conductors, and 
precisely corresponding with the description ^ven by M. 




>q-W-i-l-V 

Xig. 111.— Condnctor Fiiifl. 

Peclet, — the flue being traversed by metallic bars,^^ and 
which here act the double purpose of stays (as in locomotive 
boilers) and heat conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company's Ship Pacha, as in Fig. 114:, the stays which act 
the important part of double heat conductors are of ith-inch 
iron : of these there are 1920, and as they act effectually 
on the water spaces on each side, do the duty of SS-AO most 
eifective heat conductors. 

The Patentees state that the superiority of this plan over 
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the common tubular ^'eonsists in the facility for deaniog; 
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Fig. lia.— Boiler of tbe ** Jtoj/al William," 

that is, for the removal of the scale or deposit which takes 
place 80 largeljr in the boilers of sea-going vessels* The 
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vertical water spaces of these boilers aiford an easy means 
of cleaning the Bides of the flues, and so enable the water to 
eome in contact with the iron fine. That in tnbnlar boilers 
the horizontal position of the boiler spaces between the 
tabes renders it an impossibility to clean them ; the conse- 
quence of which is, that a constant succession of deposit 
takes place. The flues of boilers which had been con- 
stantly at work for several years, presented no appearance 
of deterioration.'' 

The principle of these heat conductors is too self-evident 
to avoid adoption hereafter in all descriptions of vessels 
where heat has to be communicatedi or abstracted. 



CHAPTER XX. 



ON THE GENEKATION AND CHARACTERISTICS OF 

SMOKE. 

So much has been said and credited on the subject of the 
burning and combustion and even eonmmption^ of smoke; 
and it has been so often asked, WluU is smoke f that the 
subject cannot here be dismissed without comment. 

When we see a dark yellow vapour rismg from heated 
eoal, as at the month of a retort, or from a fnrnace, or 
domestic fire, after fresh coal has been thrown on, this 
colour is not occasioned by the presence of carbon^ but is 
caused by the sulphur, tar, or earthly impurities which 
might happen to be in the coal. All these are subsequently 
separated from the carburetted hydrogen in the purifying 
process — the gas remaining transparent — so minute are the 
several atoms of the carbon, and so difinsed are they when 
in connection with the hydrogeu. That the solid carbon is 
there, notwithstanding this transparency, is proved by its 
subsequent liberation ; as when a polished body is thrust 
into the flame of a candle or gas jet, and brought out with a 
deposit of the carbon on it. Carbon, in fact, when in 
chemical union with gaseous matter, is always invisible and 
intangible. The follo¥ring experiment will sufficiently illus- 
trate these facts, exhibiting both the gas and the smoke in 
their separate states of existence, and with their separate 
characteristics. 

Fig. 115 represents a tin vessel a, capable of holding a 
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. quart measure ; in it was placed some small eoal, resin, and 

, tar, to produce a ^uick and iai^go dovdopmeut of gas. The 




lid being removed, an iron, 6, made red-hot, was introdnced, 
and the vessel again dose covered* A small tube is then 
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inserted at to be blown into, as into a blowpipe, to expel 
the gas in a Btream. 

By blowing through this tube, a eopioas yolnme of the 
gas will issue from the nozzle d. That the carbon in this 
gas is inaccessible, is proved by presenting a sheet of paper 
to the stream, and, although it may be slightly stained, if 
there be much tar present, no carbon will be deposited. 

On this stream of gas, many inches long, being lighted, 
a lurid flame will be produced, but which, becoming cooled 
down before it can be sufficiently mixed with the air, pro- 
duces a large volume of true smoke. Here, then, is exhi- 
bited the gas, the flame, and the smoker at the same 
moment, and in succession, just as they are produced in the 
furnace, — the gas being converted into flame, and the flame 
into smoke. 

It may be well here to notice an error with which we are 

generally impressed, namely, that the cloudy volume of 
smoke, as we see it issuing from a chimney, and fllling 
a large space in the atmosphere, is formed of carbonaceous 
matter. This black cloud is merely the great mass of steam, 
or watery vapour, formed in the furnace, as already described, 
but coloured by the carbon ; and when we consider, that no 
less than half a ton weight of water (in the expanded form of 
stcom) is produced from every ton weight of bituminous 
coal consumed, we can easily account for the enormous 
volume and mass of this blackened vapour called smoke, as 
it appears to our vision, and the palpable error of supposing 
that this cloud of incombustible matter was capable of being 
consumed, or converted to the purposes of heat. 

Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust ; but, being intimately and 
atomically mixed with the large volume of steam from the 
furnace, it is carried along by tiie atmosphere, only differing 
in colour, like the cloud of steam we see issuing from the 
chimney of a locomotive when in action. 

4 



OHAPTEB XXI. 

OOKCLUDING EEMAEKS. 

A CONSIDERATION of the nature of the products into which 
the combustible constituents of coal are converted in passing 
through the furnace and flues of a boiler, will enable us to 
c jrrect many of the practical errors of the day, and ascertain 
the amount of useful effect produced, and waste incurred. 
These products are : 

1st. Steam — highly rarefied, invisible, and incombustible. 

2nd. Carbonic acid — invisible and incombustible. 

8rd« Carbonic oxide — ^invisible, but combustible. 

4th. Smoke — ^visible, partly combnstiblei and partly in- 
combustible. 

The fourth — smoke — ^is formed from such portions of the 
hydrogen and' carbon of the coal-gas as have not been 

supplied or combined with oxygen, and, consequently, have 
not been converted either into steam or carbonic acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which on being so separated 
from the hydrogen, loses its gaseous character, and returns 
to its natural and elementary state of a black, pulverulent^ 
and finely-divided body. As such, it becomes vmbUf and 
this it is which gives the dark colour to smoke. 

Suppose the equivalent of air to be supplied in the proper 
manner to the gas, namely, by jets, for in this respect the 
operation is the same as if we were supplying gas to the air, 

I 
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as in the Argand gas-lamp. In such case one-half of the 




irig. 116.— CombuBtion of Carburetted Hydrogen. 

oxygen abborbod goes to form steam, by its union with the 
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hydrogen ; whfle the other half forms carhonie add, by its 
tmioii with the earbon. Both constituents being thus 
supplied with their equivalent voiames of the supporter, the 
process would here be complete— perfect combustion would 

ensue, and no smoke be formed ; the quantity of air em- 
ployed being ten times the volume of the g<u comumed. See 
Fig. 116. 

Again, suppose that but one-half, or any other quantity, 
less than the saturating equivalent of air were supplied* 
In such case, the hydrogen, whose affinity for oxygen is so 
superior to that of earbon, would seize on the greater part 
of this limited supply : while the carbon, losing its con- 
nection with the hydrogen, and not being supplied with 
oxygen, would assume its original black, solid, pulverulent 
state, and become tnie smohe. The quantity of smoke then 
would be in proportion to the de£ciency of air supplied. 

But smoke may be caused by an exeese as well as a defi^ 
ciency in the supply of air. If the gas be iDjiuliciousIy 
supphed with air, that is, by larger quantities or larger jets 
than their respective equivalent number of atoms can tmnM- 
diately combine \nth, as they come into contact, a cooling 
effect is necessarily produced instead of a generation oj /leat. 
The result of this would be, that, although the quantity of 
air might be correct, the second condition, the required 
temperature, would be sacrificed or impaired, the union 
with the oxygen of the air would not take place, and 
smoke would be formed. 

And now as to the relative quantities of the several con- 
stituents of smoke: 1st, of the invisible nitrogen. As 
atmospheric air contains but 20 per cent, of oxygen, the 
remaining 80 per cent, being the nitrogen , passes away, 
invisible and uncombined. If, then, a ton of coal requires, 
absolutely, for its combustion the oxygen of 800,000 cubic 
feet of air, the 80 per cent., or 240,000 cubic feet of invisible 
and incombustible nitrogen, forms the first ingredient of this 

i2 
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black cloud. 2nd, of the invisible carbonic acid. This 
portion of the doad may be. estimated as equal in yolnme to 
the 20 per cent, of oxygen which had effected the combos* 

tion of the carbon both of the gas and the coke of the coal. 
8rdy of the invisible steam formed by the combostion of the 
hydrogen of the gas* In this will be found the great source 

of the prevailing misapprehension ; yet no facts in chemistry 
are more accurately deiined than those which belong to 
the formation, weight, and yolnme of the constitoents of 
steam. 

The next consideration is, as to the value of the carbon 
which produces the darkened colour of the smoke cloud. 
Now, the weight of this carbon, in a cubic foot of black 
smoke, is not equal to that of a single grain. Of the extra- 
ordinary light-absorbing property and colouring effect pro- 
duced by tihe inappreciable myriads of atoms of this finely- 
divided carbon, forming part of the cloud of the steam alone, 
some idea may be formed by artijicially mixing some of it 
when in the deposited state of soot with water. For this 
purpose, collect it on a metallic plate held over a candle or 
gas-jet, and touching the flame. Let a single grain weight of 
this soot be gradually and intimately mixed on a pallet, as a 
pamter would, with a paDet-knife : first, with a few drops 
of gum- water, enlarging the quantity until it amounts to a 
q»oonfttl. On this mixture being poured into a glass globe 
contfdning a gallon of water, the whole mass, on being 
stirred, will become opaque, and of the colour of ink. Here 
we have physical demonstration of the extraordinary colour- 
ing effect of the minutely divided carbon — u tingle grain 
weight being sufficient to give the dark colour to a gallon of 
water. Whatever then may be the quantity or number of 
its atoms, we see from the cloud of incombustible matter 
with which this carbon is so intimately associated, as smoke^ 
that even attempting its separation and collection, inde- 
pendently of its combustion, borders on absurdity. 
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Finallyi we Bee that the cause of the formation of smoke 
is, the absence of the proper snpply of air to the combastion 
of the gas (the only combustible that it contains)^ at the tinie 
when from Us high temperature qf ineandeteenee it was best 
fitted to receiye it* 
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EXTRACTS FROM THE SECOND REPORT 07 MESSRS. 

LONGRTDGE, ARMSTRONG, AND RICHARDSON TO 
THE STEAISI COAL COLLIEIUES' ASSOCIATION, NEW- 
CASTLE-UPON-TYNE. 

GSNTLSMEKy— ~ 

In suLmitting to you our further Report upon the question 
wliich you have referred to our decision, we have to observe, that it 
would have been easy for us to have selected and submitted to trial 
certain of the competitors' plans, and to have reported to you on their 
comparative merits at a much earlier period. But such a coixrse "would 
neither have done jusfeioe to you nor to the important question which 
we had to decide, inasmuch as one of the principal conditions estab- 
lished for the competitiQn was, that the plana submitted should not 
diminish the evaporative power of the boiler. 

It was, therefore, onr first object to ascertain this evaporatiye power 
as a standard of reference. 

The boiler built for these experiments presented no peculiar features. 
The annexed drawing will show that it was the ordinary type of a 
marine multitubular boiler, such as is generally considered to present 
the greatest difficulty as regards the prevention of smoke. 

It contained two furnaces, each three feet wide, and 185 tubes 6| 
feet long and three inches internal diameter, and had an aggregate 
heating sur&ce of 749 square feet 

The heater, which was subsequently added, as mentioned in the 
ninth paragraph of our former Report, was used for the purpose of 
heating the feed water. It in no way altered the condition of the 
boiler, except by reducing the temperature of the escaping gases, and 
thereby, to some extent, diminishing the di-aught and rendering the 
prevention of smoke somowliat more difficult, whilst, at the same time, 
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it slightly increased the evaporatiye effect by its additional absorbing 
surface. 

This increase was, however, mnch Icm than miglit have been ex- 
pected from the large absorlnng surface of the heater, which contained 
320 square feet ; yet it was found that, when the products of combus- 
tion before entering the heater were at 600^, the passage through it 
did not reduce the temperature more than about 40'' to 50^. 

The whole of the experiments with the competitors' plans were made 
with the boiler after the heater was added, as also were those made 
previously for establiahing the standard of reference. 

We have established as the standard the means of a series of experi- 
ments during which the firing was conducted according to the ordinary 
Bystem, every care, however, being taken to get the maximum of work 
out of the boiler by keeping the fire-grates dean and by frequent 
stokLog. No air was admitted except through the fire-grates, and as a 
consequenoe mnxsh, and often a very dense smoke was evolyed. 

As the eoonomic effect of the fuel increases when the ratio of the 
fire-grate surface to the absorbing surface is diminished, we have 
adopted two sises of fire-grates^ and consequently two slandards of 
reference. "With the larger fire-grate the amount of work done by 
the boiler per hour is greateeti but this is done at a relatlye loss of 
economic value of the fuel as compared with the smaller grate. 

The one gives us the standard of maTimum eyaporative power of 
boiler,— the other the standard of maximum eoonomic effect of the 
fuel 

The fire surfaces used for fixing those standards were 28^ and 19^ 

square feet respectively. 

Each competitor was allowed to vary his fire-grate to meet these 
two standards, and in the tabulated forms hereiuaftcr given, the results 
obtained are compared with the standards as well as with the maximum 
results which we have arrived at in our own experiments. 

With these prefatory remarks we now proceed with our Report. 

The total nimiber of plans submitted to us was 103, which, upon 
examination^ we found might be arranged in the following classes : — 

1st Glass. — ^Requiring no special apparatus, and depending upon 
the admisaioa of mAI air into the foxnace or at the bridge. 

2nd Class. — Requiring no special apparatus, and depending upon 

admission of hot air into the furnace or at the bridge. 

3rd Class. — Requiring special adaptations of the furnace of more 
less complexity, but yet applicable to tho ordinary type of 
maxine boiler. Thid most of this class admitting air above the 
fire-grate eariace. 
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4tli COasB. — ^Bequiring Balf-aotiag or mechanioal appaiatoB for 
sapplying the fueL 

6th COasB. — The smoke Iramiiig systems, the principle of whidh is 
to pass the products of oombiutioiL ibrough or oyer a mass of 
incandescent faeL This dass ndgl^ be sahdmded into two^ in 
one of which the gases pass downward through a pait of tlie 

fire-grate into a close ash-pit, and thence to the flame chamber 

or tubes, and in the other the gases, &c., from one furnace aro 
passed into the ash-pit and upwards through the fire-grate of 
another furnace, and in which arrangement the process is alter- 
nated by a system of doors or dampers. 

6th Class. — Proposing the admission of steam mixed with the air 
into the furnace as a means both of preventing smoke and in« 
creasing the evaporatiYe effect of the fneL 

7th Class. — Such projects as are either impracticable or not appli- 
cable to the ordinar}^ type of marine boilers, and consequently 
not in accordance with the established conditions. 

The following table shows the number of plans sent in» aiianged in 
the above classes > 



ClasBl 9 

„ 3 16 

8 16 

H 4 6 

« « W 

» « I 

•,7 44 



After full consideratioii m selepted the following plans for trial at 
your expense 

From Class 1.— ]\Iessrs. Hobson and Hopkinsony fiuddersfield. 

Mr. C. W. WiUiams, liyeipooL 
Mr. B. Stoney^ Dublin. 

From CSlass 3. — ^Mr. Eobson, of South Shields. 

We did not feel ourselTes justified in trying any of the otlier plans 
at your eipeos% but in acquainting the remaining competitors with 
our decisiony we stated that we were ready to submit their plans also 
for trial if they desired it, in conformity with the fifth paragraph of 
the original advertisement. None of these parties, however, availed 
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thein»*jlves of the opportunity thus given of testing their plana at their 

own expL'nso. 

The standard of reference alluded to in the 14th and loth paragraphs 
of the present iveport are as follows ; — 



• 


Fire-grate 28i 
Square Feet. 


Fire-grrate 19 j 
Square Feet. 




A. 


B. 


A. 


B. 


Economic value, or lbs. of water evapo- 
rated from 212° by 1 lb. of coal . . 


9-41 


11-16 


1006 


12-68 


Bate of oombnstioiiy or lbs. of coal 
binned per hour per square l6ot of 


21-16 


19-00 


21*00 


17-26 


Rate of evaporation per square foot of 
fire-grate per hour in cubic feet of 


2-62 


2-93 


2-909 


2-995 


Total eyaporation per hour in cubic 


74-80 


70-12 


66-01 


57-78 



The cdunma A contain the standards of reference alluded to, as 
above, whilst the oofamms B give the mean of the beet results obtained 

by our own experiments when making no smoke. 

The first plan submitted for trial was that of Mr. Robson, of 
Shields, which we selected as a tj^e of several of the plans eouiprised 
in Class 3, and as in our opinion the most likely of its kind to prove 
successful. The principle of this plan is to divide the furnace into 
two fire-grates, the one at the back being shorter than the other, and 
placed at a lower level. This back grate is furnished with a regular 
door-frame and door, for the purpose of enabling the stoker to clean 
the bars and remove the clinker when required. This door is also 
provided with an aperture fitted with a throttle valve, and in the 
inside a distributing box perforated with^ half-inch holes, after the 
manner practised by JSIr. Wye Williams. The front grate is like the 
ordinary fire-grate, but ^-ithout any bridge. The mode of proceeding 
is to throw all the fresh coal upon the front grate, and to keep the 
beck or lower grate supplied with cinders, or partially coked coal, 
which is pushed on to it from time to time from the upper or front 
grate. No air is admitted at the door of the upper grate, but the 
gasea arising from it meet with the current of fresh air admitted 

i8 
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through the door of the lower grat<>, and in passing over the bright 
fire upon it arc to a greater or h^ss degree cousumed. 

With respect to ahsence of smoke, we have to report that this plan 
is only partially Huecessful. It diminishes the amount of smoke con- 
Bide i ably, hut it reipiires careful and minute attention from the 
stoker, otherwise a goud deal of smoke at times a])pears, and particu- 
larly when fresh fuel is pushed forward from the upper to the lower 
grate. 

, Mi. Eohson's fire-grate surface was 32 J square feet. 

As regards economic value of fuel and work done> the following was 
the result : — 

Economic value of fuel .... 10*70 lbs. 
Rate of combustion . . . . . 15 50 „ 
Rate of evaporation per square foot per hour 2*14 cubic feet. 
Total evaporation from 60^ ditto • . 70*50 ^ 

Comparing these raults wHh the Btandard, we get 





Bobson. 


Standard. 


Move. liMB. 


Area of fire-grate . . . . 


32*50 


28 50 


Per Cent. 
14*03 


Per Cent. 
• . • 


Economic value of fuel • • 


1 10-70 


9*41 


13*7 


• • • 


Rate of combustion • . 


\ 16-52 


21*15 


• • • 


26*7 


Rate of evaporation . . . 


; 2-14 


2-62 




18-4 


Total evaporation • . • . 


70-50 


74*80 


• • • 


5*8 



From this it appears that though there was increase of economic 
value of fu(d to the extent ol 13"7 per cent., there was a loss of work 
done by the boilei to the extent of 5*8 i)er cent., and this, although 
the fire-grate was greater by four square feet, or H per cent. 

This result may be traced to the nature of the apparatus. Owing 
to the large admission of air at the fire-door of the lower or back 
grate requisite to prevent smoke, the fuel on the front gi-ate bums 
eluggishly, and hence the falling o& in the rate of combustion and the 
work done. 

The heat in the back grate wa.s very intense, but the generation of 
heat being thus thrown nearer to the tubes, the efifect of the absorbing 
surface above the front grate was greatly impaired. 

We think also that the very intense heat in the back grate would be 
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more injurious to tho boiler and the tubes than the more equally dis- 
tributed temperature which results from tho ordiaary description of 
tire-grate. 

Another objection to this system is tho constant attention required 
from the stokor, to keep the fires in order, and the diflficulty in remov- 
ing the clinker from the back grate, where it tends to form, in con- 
Biderable quantity. 

The next plan submitted to trial was that of Messrs. ITobson and 
Hopkinson, of Huddersfield. In this system air is admitt(?d both at 
the doors and at the bridge. At the doors by means of vertical slits, 
which may be opened or shut at will by a sliding shutter, and at the 
"bridge through apertures in hollow brick pillars placed immediately 
behind it. Tho entrance of the air to these pillars is regulated by 
throttle valves, worked by a lever in the ash-pit. ITiere are also 
maBses of brickwork placed in the flame-Ghamber, with the intention 
partly of deflecting the cuirents of gases, so as to ensnre their mixture 
with the air, and pertly to equalise the temperature. 

As regards preventioaof smoke, we have to report that this plan was 
very eflfioient, though in hard firing it required considerable attention 
from the stoker. Whilst burning about 15 lbs. of coal per square foot 
of grate per hour, no moJU was visible, even with ordinary firing, but 
when the quantity was increased to 21^ lbs. per square foot per hour, 
the fire required to be yery carefully attended to^ or smoke^ though in 
no great quantity, began to appear. 

Messrs. HobB(ni and Hopkinson's fire-grate surface was originally 
27} square feet, but this was subsequently reduced to 18} square feet. 

As regards economic effect and work done, the following wore the 
results : — 





Fire Grate, 
S7|Sq.Eeet. 


SiieGiate, 
18| Sq. IM. 




lbs. 


lbs. 




11-08 


11-70 




14-25 


21*fi0 


Bate of evaporation per square foot per hour 


Cubic Feet. 


Cubic Feet. 




2*18 


3*49 




6003 


63*62 
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Comparing these results m£h the standards, we get — 



LARGE FIRE-GRATES. 




ITobson and 
nopkinBOii. 


Standmrd. 




LeM. 


Area of fire-grate . 
Boonomic ndae • 
Bate of o(Miibii8tio& 

Bate of eTaporation 

Total evaporation . 


Feet. 
27-6 

Ibe. 
11*08 

14 25 

Cubic Feet. 
218 

60-03 


Feet. 
28-5 
lbs. 
9-46 

21-15 
Cubic Feet. 
2-62 

74-80 


Per Cent. 

• • • 

17-1 

• • • 

• • • 

• . . 


Per Cent. 
3-7 

• • • 

82*7 

16*8 
19*8 


SMALL FntB-OBATES. 




Hobeon and 
HopldnsoD* 


Stsodttd* 


Uora. 


Less. 


Area of fire-grate . 
Economio Talue • 
Bate of combustion 
Rate of evaporation 
Total evap. from W 


Feet. 
18-26 
lbs. 
11-70 

21-50 
Cubic Feet. 
3-49 

68*62 


Feet. 
19-25 

lbs. 
10-06 

21-00 
Cubic Feet. 
2-909 

66*01 


Per Cent. 
• • • 

16*8 

2*3 

19-9 

18*5 


Per Cent. 
6-2 

•• • 

• • • 

• • • 

• • • 



From these tables it appears that with the large fire-grate there was 
an increase of economic value of fuel, although less work was done ; 
whilst with the small grates there was a decided increase both of 
economic value and of work. Had the fires been harder pushed with 
the large grate, we have no reason to doubt that, altliough tiio economic 
value would have been somewhat less, the work done would have been 
up to the standard. 

The only objection to this system is that the brickwork is liable to 
oxack and get out of repair ; but we do not attach much importance to 
tbiSy as we believe that the existence of this brickwork is of no oonse- 
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qnaiioe^ and fhat fhe resnlis obtained axe doe simply to the admission 
of air to fhe gases. 

The system is applicable to all the usual forms of boilers, the com- 
bustion is very good, and, with moderate firing, it docs not much 
depend upon the stoker, and wu are therefore of opinion that it com- 
plies with all the prescribed eouditions. 

The next plan tried was that of Mr. C. Wye Williams, of Liver- 
pool. 

Mr. Williams' system, as is well known, consists in the admission of 
air at the furnace door, or at the bridge, or at both, by numerous small 
apertures, with the intention of diffusing it in streams and jets amongst 
the gases. In the plan adopted in the present instance, Mr. Williams 
introduces the air only at the front of the furnace, by means of cast 
iron casings, furnished on the outside with apertures provided with 
shutters^ so as to vary the area at will, and perforated in the inside 
with a great number of half -inch holes. The mode of firing which Mr, 
Williams adopts merely consists in applying the fresh fuel alternately 
at opposite sides of thefumacey so as to leave one side bright whilst 
tiie other is black. 

The original fire-grate proposed by Mr. WiUiams ma 22 square 
feeti which was subsequently reduced to 18 square feet. 

As regards economy of fuel and work done, the following were the 
results : — 





Fixe Grate, 
92 Sq. Eeet. 


Fire Orate, 
18 Sq. Feet. 




lbs. 


lbs. 




10*84 


11*80 




26-98 


27*86 




Cubic Feet. 


Cubic Feet. 




4-04 


4*81 




88*96 


76*92 
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Comparing these results with the standards, wo get — 



LABOE FIBE-0BATE8. 




Williams. 


standard. 


More. 1 Less. 


Areaof fix6-grate. . 
Econcmito vaL of fuel 
Bate of oombuBtion . 
Eate of evaporation . 
Total evapoiatioii . 


Feet. 
22-0 
lbs. 
10*84 

26 98 
Cubic Feet. 
404 

88*96 


Feet. 
28*5 

Ibfl. 

9*45 

21-15 
Cubic Feet. 
2-62 

74-80 


Per Cent 
... 

115 

27-4 
54-2 
19 


Per Cent. 
24 

... 

... 

« • • 


SMALL FIKE-U RATES. 




Williams. 


Standard. 


Mora. 




Area of fire-grate • 

Economic value . . 
liate of combustion . 

Bate of evaporation. 
Total evaporatioii . 


Feet. 
1800 

lbs. 
11-30 
27-36 
Cubic Feet. 

4*31 
76*92 


Feet. 
19-25 
lbs. 
1006 
2100 
Cubic Feet. 
2-909 
66*01 


Percent. 
... 

12-3 
303 

48*0 
87-8 


Per Cent. 
6*5 

••• 
••• 

... 
... 



These results show a laige increase above the standard in every 
respect. 

The prevention of smoke was, we may say, practically perfect, 
whether the fuel burned was 15 lbs. or 27 lbs. per square foot per hour. 
Indeed, in one experiment, we burned the extraordinary quantity of 
37 J lbs. of coal per square foot per hour upon a grate of 15| square 
feet, giving a rate of evaporation of .5 J cubic feet of water per hour 
per square foot of fire-grate, without producing smoke. 

No particular attention was required from the stoker ; in fact, in this 
respect, the system leaves nothing to desire, and the actual labour is 
even less than that of the ordinary mode of firing. 

Mr. Williams' system is applicable to all descriptions of marine 
boilers, and its extreme simplicity is a great point in its fsLYimr. 

It fully complies with all the prescribed conditions. 

The next and last plan submitted to trial was that of Mr. B. Stone^, 
of Dublin. 
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In principle, so far as regards the prevention of smoke by the 
admission of air through the doors, and at the front of the furnace, this 
plan is identical with that of ^fr. Williams. Its peculiarity consists 
in the adoption of a shelf outside the boiler, forming, in fact, a con- 
tinuation of the dead plate outwards. Upon this shelf the fresh charge 
of coals is laid in a large heap, about half of the hrap being within 
the furnace, and the rest outside. The door is a sliding frame, which 
shuts down upon the top of this heap of coals, bo that air is admitted 
through tlic body of the coals as well as through perforations in the 
front plate of the furnace. When the furnace requires fresh fuel, a 
portion of that forming the heap, and w hich, to some extent, has parted 
with its gases, is pushed forward and its place made up hj fresh fuel 
laid on in front. 

This plan did not succeed in presenting smoke, for wheneyer the 
coal was pushed forward upon the fire, dense smoke was evolyed. 

We regret that Mr. Stoney was not personally present to see the 
result^ which we think woidd hare entirely satisfied him that the 
method he proposed did not comply with this important condition. 
Under these drcnmstances, we did not proceed to determine the 
economic yalue of the fuel or work done by this system. 

In the following taUes the results in each case are compared with 
the standards, and also with those of our own experiments when making 
no smoke. The former marked A and the latter B. 



LABOE EIBE-GBATES. 





A. 

Standard 


B. 
Our ex- 
p0iiin6Ot 


Bobeon. 


Ilobson 
and Hop- 


Wiliiaras 


Area of grate, square feet 


sq. feet. 


sq. feet. 


sq. feet. 


sq. feet. 


sq. feet. 




28^ 


32| 


27i 


22 


Economic value of fuel or 






water evaporated from 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


212'' by 1 lb 


9-41 


11-16 


10-27 


1108 


10-84 


Hate of combustion per 












square foot of grate per 














21*15 


1900 


15-52 


14*25 


26*98 


Rate of evaporation per 












square foot of grate per 
hour from 69'* . . . 


C. feet. 


c. feet. 


c. feet. 


c. feet. 


c. feet 


2-62 


2-93 


214 


2-18 


4-04 


Total evaporation in cu])ic 












feet per hour from 00^ 


1 74-80 


79-12 


G9-a2 


60-03 


88-96 
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SMALL FIBE-GEATES. 




A. 

Standard 


B. 
Our ex- 
nwinient 


£,obsoii. 


Hobson 
and Hop* 
kinton. 


WiUiams 


AreaofGhrate .... 

Eronomic valuo of fuel or 
water evaporated from 
212° by 1 lb. of coal . 

Kate of combustion per 
B^uaie foot of grate per 

Bate of evaporation per 
square foot of grate per 

Total evap. per hour • . 


eq. feet. 

iH 

lbs. 
10 06 

21*00 

c. feet. 
2-909 
6601 


sq. feet. 
19^ 

lbs. 
1268 

17*26 

c. feet 
2-995 
67-78 


Small grate not tried. 

• 


sq. feet. 
18i 

lbs. 
U-70 

21*60 

0. feet. 

3-49 
6a-62 


sq. feet 
18 

lbs. 

iiao 

27*36 

c. feet. 
4-31 
76-92 



With the aboT6 results before us, wo are unanimoualy of opinion 
that Mr. WiUiams must he declared the succeesful competitor^ and we 
fheref ore a^hod to him the premium ol £600 which yoa offered by 
your adrertiflemeiit of 10th May, 1866, 

It is true that in economio yalue of fuel the ioMaUd resoltB of Ifir. 
WiUiams* trial are ahout 2 per cent, inferior to those of Messrs. Hohson 
and Hopkinsfm^ but on the other hand the amount of work done is 
much greater. 

By Mr. WiUismB' plan the quantity of water evaporated with a 
22 feet grate was 48 per cent, greater than with the 27 feet grate used 
in Messrs. Hobson and Hopldnson's case, and 20 per cent, more with 
an 18 feet grate. 

We should also mention that, in an experim^t not tabulated, Mr. 
Williams obtained an economic value of 11*70, and a total evaporation 
of 61*59 cubic feet, with a 22 feet fire-grate, results wbich exceed those 
of ^lessrs. Hobson and Ilopkinson's experiments, with 27J feet fire- 
grate, and equal in economic value of fuel their results with 18 feet 
fire-grate. 

An important feature in ^Ir. Williams' system is that it may be 
successfully applied under very varied circumstances. We have above 
given results obtained with fire-grates of 22 square feet and 18 squaxo 
feet ; but in order to test the matter still further, we reduced tho fire- 
grate to 16^ square feet, with the foUowiog result : — 

• 

Area of lire-grate 15J sq. feet. 

Economic value of fuel • • • • 10*66 lbs. 
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Kate of combustion per flqnare foot of grate 

per hour 37*4 lbs. 

Eato of evaporation per square foot of grate 

per hour 5*51 c. feet. 

Total evaporation per hour . • . 85*30 „ 



The results which we ourselves attained exceed, in economic value 
of ^uel, all the results of the experiments made with the competitors* 
plans. This was chiefly the case with the small fire-grates, and was 
due in a greai dogiee, if not altogether, to the smaUer amoimt of fuel 
burned per sq^uare foot of grate per how. 

The consequence of this was a more complete abtorptum of the heat 
generated, so that the products of combustion escaped from the 
chimney at a temperature lower by about 200** when we obtained our 
best eoonomio xesultSy than th^ did during the trials of the com- 
petiton* plans. It must he remembered that this increase in the 
eoonomio valne of the fuel is obtained at the eqpense of the work 
done^ hut it is highly satisfactory to find that (as is shown in oolumns 
A and B of the last tables), the great imnatein the iconamievalue i§ also 
aecompamed mth a dended taenau in warh ion$ whm p$rfeet cmhuUim 
U attainted and moke prevented. 

Before oonoluding we might offer some further observations upon 
the results we haye obtaanedt and on various interesting and important 
questions which have presented themsebres during the course of our 
inquiries, but to do so in a manner at all satisfactory would be im« 
possible within the limits of a Eeport like the present. 

Wo must, therefore, content ourselves with pointing out three chief 
conclusions at which wo have arrived, and which, we believe, will prove 
of great advantage as well to youi* interests as to those of all con- 
nected with steam navigation. 

1st. — That by an easy method of firing y combined with a due admission 
of air in front of the furnace^ and a proper arrangemeiit of fire-grate, the 
emission of smoke may be effectually prevented in ordinary marine multi- 
tubular boilers whilst using the steam coals of the Hartley District'* of 
^Northumberland. 

2nd. — That the prevention of smoke increases the economic value of the 
fuel and the evaporative power of the boiler. 

Zrd. — That the coals from the Hartley District h/jve an evaporative 
power fully equal to the best Welsh steam eoalSf and that practically^ oe 
regards steam navigation, theg are decidedly euperior, 

TlnB last conclusion is contrary to the general opinion, which, based 
upon the Tir ports presented to Government by Sir H. de la Beche and 
Dr. Lyon Tlayfair, is strongly in favour of Welsh coal. 

The effect of those Bepcxts has been to do the Northumberland 
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coal-field an imntenBo injury and we feel this bo strongly that we beg 
to lay before you a few observations on the subjeot in a short Bupple- 
mcntary Report accompanying this. 

We cannot conclude this Report without bringing to your notice the 
sernces of Mr. William Beed, to whom we entrusted the practical 
management of the long series of experiments which we deemed it 
right to make. 

To his intelligenoe and unwearied attention we are much indebted^ 
and we can only add that we have every reason to congiatnlate onr- 
selres and yon upon having had the benefit of his Taluable aasfstanoe 
throughout the whole of this long and important inquiry. 
We have the honour to be, Gentlemeni 
Your obedient Serrants, 

JAS. A. LONGRIDGE, 

18, Abingdon Street, Westminster. 

W. G. ARMSTRONG, 

Newcastle-on-Tyne. 

IHOMAS RIOIIARIMSON, 
Newcastle-on-Tyne. 

NewcABTLB-ON-TvMis, l6Ui January, IfyKi 
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PART II. 



FUELS: THEIR COMBUSTION 
AND ECONOMICAL USE. 



By D. £. CLABK. 



I 



CHAPTER I. 



CHEMICAL COMPOSITION OF FUELS AND F0BMTJLA8 

FOR COMBUSTION. 

The fuels, or combustibles, commonly used for the p^enera- 
iion of heat, are coaly coke, wood, charcoal, peat, and refase 
tan-bark. Asphalte and petroleum, with other oils, have abo 
been used as fuels, as well as coal-gas ; and, within the last 
few years, straw and megass or refase sugar-cane have 
been brought into oonsamption for the same porpose. 

The following summary of the chemical composition of 
fuels, exhibits the relative proportions of the combustible 
and other elementSi in per-centages of the total weight of 
each fiiel. They are, of conrse, to be taken as averages 

AvERAOB Chemical CoMFOsmoif of Fuels. 



In 100 parti hf weight. 





Carbon. 


gni« j 


Oxygen 


Nitro- 

gttk 


plm; 


Ash. 




percent 


per cent 


per cent 


per cent 


per cent 


per cent 


Coal, desiccated . . . 


80 


5 


8 




120 


l-2o 


4'05 


Coke do. . , , 


93-4 










1-22 


5 34 


lignite, perfect . . • 


69 


6 








6 




79 


9 




9 




S 


Wood, desiccalid* • ^ • 


50 


6 


41 




1 




2 


Charcoal do. ... 


79 


2* 




11* 




8 


Peat do. .... 


50 


6 


30 




1-26 
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Peat charcoal do. . . . 


85 












15 


Straw, 1.5| per cent, mois- 


















36 


5 


38 




•43 




4 '76 


"PeAmSB^an m\ m ^ ■» « 
PetroleidMl^eflv « « • • 




13 


a 












27*4 












♦ Tliese proportions are given 


as 2 of ireo hydrogen, and 11 of 



hydrogen, oxygen, and nitrogen. 
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It is convenient to formulate the relations of the con- 
stituent elements of fuels with the quantity of air entering 
into chemical combination with the elements, in combus- 
tion ; the quantity of the gaseous products of combustion, 
the heat evolved in combustion, and the temperature of 
combustion. The following formulas and rules, for these 
objects, are derived from the writer's Manual of Bales, Tables, 
and Data: pp. 398 to 458 : — 

Air consumed in the Combustion of Fuels. — ^Let the con- 
stituents of a fuel be expressed proportionally as per- 
centages of the total weight of the fuel, by tLeii* initials, C, 
H, 0, S, N, respectively representing carboni hydrogen, 
oxygen, sulphur, and nitrogen. The volume of aur at 62^ 
Fahr., chemically consumed in the complete combustion of 
1 lb. of the fuel, patting A for the volume in cubic feet of 
air at 62*", is expressed by the formula, — 

A =: 1-62 (C + 8 (H - ? + -4 S) (1) 

o 

To find the weight of the air chemically consumed, 
divide the volume thus found by 18*14; the quotient is 

the weight of the air in pounds. 

Note. — ^In making ordinary approximate calculations, the 
sulphur may be omitted. 

Quantity of the Gaseous Products of Combustion, — Let w 
be the total weight of the gaseous products of combustion, 
then — 

w s -126 0 + '856 H + -058 S + '01 N (2) 

The total volume of the burnt gases at 62"" Fahr., is 
given by the formula : — 

V = 1-52 C + 5-52 H + -565 S + -135 N (8) 

The corresponding volume of the gases at higher tempera- 
tures is given by the formula,— 
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628 

in which Y is .the volaine at 62° Fahr., t' the new tempera- 
ture, and Y the new volnme. That is to say, the expanded 

volume at any other temperature t\ is formed by multiply- 
ing the volume at 62° by the new absolute temperature 
(t + 461), and dividing hy 528. 

Heat evolved by the Chmhustwn of Fuels. — The total 
quantities of heat evolved in the combustion of one pound 
of the elementazy combustibles with oxygen, are, according 
to the experiments of MM. Favre and Silbermanui as fol- 
lows ; — 

Heat op Combx stion. 

Hydrogen • 02,032 English, units. 

Carbon 14,500 „ 

Sulphur 4,0d2 „ 

From these data, the heating power of a fuel may be 
calculated, approximately, as the sum- of the heating powers 
of its elements ; excepting that, when oxygen is present in 
the combustible, a deduction is to be made for the equiva- 
lent of constituent hydrogen neutralised by it, supposed to 
exist in the chemical state of water in the fuel. Putting h 
for the total heat of combustion, — 

h = 146 (0 + 4-28 — ^^ + -28 S) (6) 

The item for sulphur, '28 S, is not considerable, and it 
may be omitted from calculations for ordinary purposes. 

IMidding the ^second number of the formula by 996, the 
total heat of steam raised under atmospheric pressure from 
water at 212'' Fahr., the quotient expresses the equivalent 
evaporative power of the fuel. Putting e for the evapora- 
tive power of 1 lb. of a fuel, in pounds of water from and at 
212° Fahr. 
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s = -16 (C + 4-28 + -28 S) (6) 

« 

When the total heatiiig power, in heat-nnitfl, is h^own, 

divide it by 966, to find the equivalent evaporative pov^er 
in pounds of water from and at 212°, per pound of fuel. 
It may be ronghly approximated to by using the divisor 1000. 

The Temperature of Combustion, — Though the actual tem- 
perature ever attained in practice is a doubtful sabject^ the. 
nominal temperatures that would be attainable, may be ealca- 
lated on the supposition that the specific heat of gases is con- 
stant for all temperatures, that the products of combustion are 
not diluted by surplus air, and that no decomposition or dis- 
sociation " takes place. The principle on which it is calcu- 
lable, is that the product of the weight of burnt gases per 
pound of fuel by the average specific heat of the gases 
expresses the number of units of heat absorbed in raising 
the temperature 1° Fahr., and the quotient obtained by 
dividing the total heat of combustion by this product is the 
total rise of temperature. 

If surplus air be mixed with the products oi combustion, 
the rise of temperature in combustion is less than when the 
gases are not diluted. It is calculated in the same way. 



CHAPIEB n. 



COAL. 

The chemical histoiy of the combustion of coal has been 
repeatedly and thoroughly elucidated by competent men. 
Of these, the earliest and most conspicnons is Mr. Charles 
Wye Williams, to whom the world is much indebted for the 
thoroughness, impartiality, and lucidity with which he has 
treated the subject, and the unwearied pertinacity with 
which he sought to impress his views on the minds of the 
public. Much ridiculed he has been, no doubt ; that is 
because, having felt strongly, he, with emphatic iteration, 
dwelt upon elementary truths which nobody was supposed 
to question. Scandalised he has been, too ; that is because, 
regardless of the feelings and interests of others, he de- 
nounced as empiricism and quackery that which violated his 
sense of chemical propriety." Nevertheless, Mr. Williams 
laboured well and efficiently in the cause of coal combustion 
and smoke prevention. 

The question of the prevention of smoke has been inti- 
mately associated with that of the combustion of coal. They 
are, indeed, essentially one question, for if coal be completely 
burned, there cannot be any smoke ; and, otherwise, if there 
be smoke, the coal is certainly not completely burned. 

It is purposed now to add some observations on the same 
subject, complementary to the works of Mr. C. W, Williams 
and W. S. Prideaux. 

K 



1-^ 1 y K I ^ u Li y 



194 fuels: their comiustion and economy. 

Throughout all the primary and secondary conditions of 
the hydro-carbon compoimcUi raised by distillation from coal, 
the hydrogen maintains the first claim to the oxygen present 
above the fuel : until it is satiished, the carbon remains un- 
bomed. 

The following summary presents the average composition 

and characteristics of English, Welsh, and Scotch coals, de- 
rived from the Report on Coals suited to tJie Royal Navy :— 



Atbbaob Okbmical CoHPOsmoK 07 Bbitish OoALSs 
(From the Beport on Coals suited to the Boyal Navy.) 







Conatituent Elements by 


Weight. 
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LoeaUtjr. 


Carbon. 
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Sulphur. 
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Coke left 
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por cent 


per ecu' 


per cent 


per cent 


per cent 


per cent' 


per cent 


lbs. 


Wales . . . 


83-78 


4-70 


4-1.) 


0-1)8 


1-43 


4-91 ' 


72 G 


9 05 


Newcastle . . 


8212 


0-31 


0-G9 


1-35 


1-24 


3-77 i 


60 7 


8-37 


Lancashire . . 


77-90 


5*32 


9*53 


1*30 


1*44 


4*88 


60*2 




Scotch • . . 


78-53 


5-61 


9-69 


1*0 


Ml 


4-03 


54*2 




Derbyshire and 


















Yorkshire 


79-68 


4*94 


10-28 


1-41 


101 


2 65 


59-2 




Total Avoraiic- 


so- 10 


5-10 


( ■ S / 


1-21 


I -20 

1 


405 


Gl-4 


813 



It appears, from this summary, that the composition of 
British coals averages abont 80 per cent, of carbon, 6 per 
cent, of hydrogen, 8 per cent, of oxygen, 1 J per cent, of 
nitrogen, Ij per cent, of sulphur, and 4 per cent, of ash. 
Also, that the coke, or fixed carbon, as distinguished from the 
volatilized carbon, averages a little over 60 per cent, of the 
weight of the raw material, leaving the diflerence of 80 and 
GO, or 20 per cent, of carbon to pass off with the hydrogen, 
forming hydro-carbon compoands. The disposition of the 
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elements of 100 lbs. of average coal in eombnationi would, 

tbon, be as follows : — 

100 LBS. OF AVEKAQE CoAL IN TUB FUBNACB. 

Volatilized hydro-carbotu. (^t^f .* : .* 20 

Fixed carbon, or coko • • • 60 

Oxygen, nitrogen, sulphur, ajdi •••••• _15 „ 

100 n 
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COMBUSTION OF GOAL. 

Much discnsBion has arisen on the qaestion of the effective 
heating power of hydrogen raised from coal, and its yalne in 
that respect compared with carbon. One thing is clear, 
that in order to make the hest of it, the hydrogen, once 
volatilized shonld he oxidised, as well as the carhon asso- 
ciated with it, in order to realise the large measure of heat 
generated hy combustion. There existed a favomite theory, 
possessing at least the merit of simplicity, that the heating 
power of coal was measured by that of its constituent 
carbon. The evidence of the evaporative powers of coals, 
abstracted in the foregoing table, appears to snpport this 
mode of estimation, iu so fiir as the evaporative efficiency 
rises generally with the percentage of constituent carbon* 
The percentages of constituent hydrogen vary within narrow 
limits, and do not afford data for marked comparison ; but it 
may be suggested tbat, generally, the evaporative efficiency 
is less as the constituent hydrogen is greater in quantity. 
But, neither the variation of the hydrogen, nor those of the 
carbon, suffice to account for the comparatively wide differ- 
ences of efficiency. On referring, nevertheless, to the next 
column, the constituent oxygen, it is remarkable that the 
efficiency of the fuel decreases regularly as the percentage of 
oxygen in the fuel increases. Welsh coal having about 84 
per cent, of carbon, and 4 per cent, of oxygen, evaporates 
9*05 lbs. of water per pound of fuel ; whilst Berbyshure coal 
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having about 80 per cent, of carbon, and 10 per cent, of 

oxygen, evaporates only 7*68 lbs. of water. The diflference of 
evaporative eiiicit:ncy is not suHicieutly accounted for by tbe 
difference of carbon ; nor by the diiference of hydrogen, 
the amounts of which, in fact, are practically the eame. The 
prime cause apparently is the constituent oxygen, wliicli is 
in great excess in the inferior coal; and an explanation 
readily occurs. It is necessary that all this ox} gen be vola- 
tilized, when it absorbs a portion of heat, which is thus 
diverted from the business of evaporation ; and though, no 
no doabt, it may snbseqnently restore the heat thus tempo- 
rarily abstracted, in combining with the hydrogen as a gas, 
yet, as compared with atmospheric oxygen, which, in the 
absence of solid oxygon, snpplies its place, the solid oxygen 
is at a disadvantage, in so far as atmospheric oxygen is 
yielded at once in the half-converted and desirable conditiuu 
of a gas. 

It appears, then, that the evaporative efficiency of coal 

varies directly with the quantity of constituent cai'bon, and 
inversely with the quantity of constituent oxygen ; but that 
it varies not so much because there is more or less carbon, 
as, chiefly, because there is less or more oxygen. The 
percentages of constituent hydrogen, nitrogen, sulphur, and 
ash, are practically constant, with individulQ exceptions, of 
course ; and their united influence should be so also. Treat- 
ing the question as one of evaporative elhciency, the solution 
of it lies between the carbon and the oxygen,* 

Mr. 0. W. Williams has expounded, fully and explicitly, 
the physical conditions for the complete combustion of coal 
in ordinary furnaces. The cardinal condition, on which he 

* The author drew attention i o the apparent inverse relation between 
the percentage of the constituent oxygon in coal, and the evjiporativo 
efficiency of the coal, in his work, iveccnt rractico in the Locomotive 
Engine," published in 1858-9, page 20*. M. Pirissc recognises this 
inverse rehition in his artic le on " Gas Furnaces," in tho " Dkiemoirca 
do la bociete des Ingenicuis CiviLs," 1874, page 803. 



198 ' ruiiLs: tueir combustion and economy. 

has forcibly insisted, is the quick and complete intermixture 
of the gaseous elements for combustion — ^the air and the 
combustible gases ; and, for having drilled this principle of 
operation into the mmds of engineers, it is probable that his 
memory will remain ever green. The complication that 
usually characterises the burning of coal is both physical and 
chemical — physical, because an intimate mixture and a suit- 
able proportion of the elements concerned is essential to the 
completeness of their conversion ; chemical, because, unfor- 
tunately for the special object of the furnace, which is to 
generate heat, the less important element, hydrogen, is pre- 
cisely that which demands the preference, and must have its 
share of oxygen, before the claims of the staple element, 
carbon, can be really satisfied. The occasional presence of 
oxygen and nitrogen in the fuel, in considerable quantity, 
leads to further complication of the process, as they must be 
volatilized and driven off in the course of distillation. 

That an intimate mixture of the elements for combustion 
is of great practical importance for completing combustion 
is easily proved, experimentally, by delivering one or more 
jets of steam of considerable presence into the fireplace 
above the fuel. The steam acts as a steam-poker," to stir 
about and intermix the air and the gases, and so complete the 
intermixture wanted for effecting entire combustion. On this 
principle, the system of Mr. M« W. Ivison, patented in 1888, 
was based. A steam-pipe was led from the boiler into the 
interior of the furnace, where it terminated above the grate ; 

streams of steam " were delivered amongst the gases rising 
from the fuel, in order by mixing therewith to consume 
the smoke," and perfect the combustion. But obviously, 
unless an insufficient quantity was present with the steam, 
combustion could not be accomplished ; and it followed that, 
in many situations, Mr. Ivison's system did not answer the 
purpose intended. 

The writer, arguing that agitation and mixture, without 
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air, could not fulfil the purpose any more than air in quan- 
tity without mixture, devised a system, patented in 1857 
and 1861, by which the presence of a supply of air for 
combustion was ensured, in conjunction with jets of steam 
employed for completing the mixture in the furnace. A few 
jets of steam were, in ordinary stationary boilers, delivered 
from the space above the doorway over the fire, towards the 
bridge, and they carried with them a supply of external air, 
by iuduction, which was drawn in and delivered right into 
the midst of the combustible gases, with which it was 
instantly and completely mixed. The supply of air was 
delivered through circular opcniugs, one to each jet of 
steam, in which it was placed concentrically, or in a sheet 
through the door, directed upwards by simj^e arrangements 
to meet the jets of steam. The system is tlioroughly e£fec- 
tive for the prevention of smoke. 

It is nevertheless unquestionable that, regardless of the 
quantity of air admitted, smoke may be prevented by the 
simple admission of air by the doorway, leaving, for this 
purpose, the door a Uttle way open. Mr. C. W. Williams,* 
referring to the practice of stokers on the Mersey, says that 
** when the furuace door is partially opened, that is, * kept 
%jar,' the air enters in a restricted quantity, and in a thin 
film, thus presenting an extended sheet or surface for con- 
tact with the newly formed gas, and effecting its combustion. 
If, however, the smoke still continues to be formed, the 
stoker, naturally but ignorantly expecting a good result firom 

the same cause, opens the door wider By the first 

operation, keeping the door slightly ajar, the effect is useful, 
both in respect to steam and smoke. When, however, the 
door is opened wider, the air, instead of entering as a thin 
sheet or film as before, rushes in in a body, with the force 
and effect of an onward current. The vigorous current 

* ''Letter on the Operation of the Smoke Nuisance Act," 18d6, 
page 7. 
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DeceFsarily counteracts or defeats the requu*ed mixing or 
dififusive action between the gases and the air; the latter 
passing rapidly towards the flaes in an unbroken mass, and 
producing the cooling eflect already mentioned.*' 

Thus, even the apostle himself unbends, not hesitating to 
agree that a suffieient degree of diffusion may result when 
the air is admitted in the form of a thin sheet at the door- 
way, though not necessarily subdivided into jets, M. E. 
Bede * states that M. Combes, after having tried an arrange- 
ment similar to that of Mr. 0. W. Williams for smoke pre- 
vention, arrived at the same result by simply delivering the 
air horizontally beyond the bridge, from two conduits in the 
sides of the fomace. Through sight- openings it could be 
observed that when, after firing, these openings were closed, 
dense black smoke was discharged, and that the smoke 
vanished when they were opened, and was replaced by 
brilliant llame. But, unfortunately, though smoke was 
effectually prevented, there was no saving of fuel. 

Sir William Fairbaim t made many experimental observa- 
tions on the action of Mr. C. W. Williams's system, the 
results of which were embodied in a lieport to the British 
Association. He announced, as the general result of these 
experiments, that an economy of 4 per cent, of fuel was 
effected by the use of Mr. Williams's system, compared with 
the ordinary system of furnaces and stoking. This amount 
of economy was considerably less than that which was 
effected under Mr. Williams's direction. Sir William Fair- 
bairn deduced from his experiments that the area of perma- 
nent openmg for air above the fuel should not exceed 
1 square inch per square foot of fire-grate for double 
flue-boilers, and 1^ square inches for cylindrical boilers 
[under-fired, probably]. 

• " De r Economic du Combuatihle," 18G3, page 100. 
t Useful Infonnation for fingineen," ISdC, page 49. 
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Ifr. Thomas Wicksieed * testified to the remarkable eoo- 

nomy that may be derived by detaining, and actively and 
repeatedly mixing, the products of the furnace, and the air, 
in the flaes. To effeet this object, the floor or flame-bed 
beneath the boiler, when under-fired, or the lower portion of 
the tubular flue of internally-fired boilers, was formed as a 
saccession of semi-elliptical chambers/' as Mr. Baker called 
them— being, in &ct, a floor eonstnicted like a series of 
curling sea-wavcf?. The points of the ridges thus formed, 
entangled and diverted the inflamed currents, rolling them 
over and accelerating their intermixture. A su [> [> ly of air was 
admitted by two successive openings at the back of the 
bridge. Burning small Newcastle coal of inferior quality, in 
two comparative experiments, made with plain Cornish 
boilers, and with the same boilers adopted with Mr. Baker's 
system, Mr. Wicksieed found that when the quantity of 
water evaporated per hour was about the same in the two 
cases, the evaporation per pound of coal amounted to 
6'921bs. and 7*70 lbs. of water, respectively, from the initial 
temperature, 90"" to 95° Fahr. ; or, reckoned from 212'', the 
water per pound of coal was respectively 8*22 lbs. and 
9'27 lbs., showing an economy of 12 J per cent, in favour of 
the wave-system of flue. The system was not tested as a 
smoke-preventer, but the quantity of visible smoke was 
materially diminished. 

Mr. William Gorman,! in 1859, demonstrated the advan- 
tage of separate and alternate supplies of air above and 
below the grate in ordinary furnaces, consuming the ^^as 
and the coke of coal at dillerent intervals of time." After 
a fresh charge of coal, the ashpit was nearly closed, and the 

* Beport of Mr. Thomas Wicksteed on the Steam Boiler Fuinace of 
Hr. Henry F. Baker ; dated June 21, 1( 4 ^. 

t Seo Mr. Gorman's paper " On the Combustion of Coal,'* in tlio 
"Transactions of the Institution of Euginocra in Scotland," 
page 78. 

k3 
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air-apertnres in the doorway wdre opened for the admission 

of air above the fuel, to consume the gases which were raised 
from the fresh fuel by the beat of the incandescent coke. 
When the gases were burned off, the air-openings at the door- 
way were closed, and the ashpit-valve was opened for air to 
pass through the grate and burn off the coke. From the 
results of comparative experiments made with a small boiler ; 
in which the coal was burned with the fire-doors constantly 




Fig. 117.-&tepOrate. 



closed, and then burned on the alternate system of air-supply, 

it appeared that in the second case, an evaporative duty 
85 per cent, more was rendered than in the first case. 
These are instructive results, pointing to the true method 
of management in the combustion of fuel. 

The step-grate was designed for the ])urpose of burning 
small coal, slack, and decrepitating fuels, like some lignites 
and dry coals. It consists of a number of cast-iron plates, 
Fig. in, arranged like steps in descending order, and supple- 
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mented by an ordinary flat grate. The coal is charged ap<m 

the upper plates, and is pushed down successively upon the 
lower plates. These grates have long been in use, principally 
in Germany. The small particles of fael are not liable to 
fall through the step-grate, as they wonld do through 
ordinary grates ; whilst the air-passages may be made of 
any width. The conditions are favourable for the prevention 
of smoke. The greatest prodncers of smoke,— the coals of 
Mods and of Denain, have been burned with facility on this 
grate, without any smoke except at the time of charging iresh 
fael. When these coals were mixed with one-fifth part of 
the dry coals of Charlcroi, no smoke was produced even at 
the time of Ering. It is, at the same time, to be remarked 
that the step-grate does not lend itself readUy to the econo- 
mical employment of dry coals, having a short flame, since 
by the disposition of the grate, the fuel is too far irom the 
boiler. 

For a 80-horse power boiler, M. Marsilly, who had mneh 

experience of the step-grate, employed the following dimen- 
sions : — 

Longi,li of the plates . • • • 3 f(H)t ^ incLas 

Width „ ,, • • . • S inches 

Advance of each plate, on the plate imme- 
diately above it ^ n 

Thickness of the plates «... l-fg „ 

Vertical distance apart .... 1-Ar it 

Distance of the first or highest plate from 
the boiler 12) „ 

Distance of the lowest plate . . . 2 feet 

Thiokneos of the bars of the horizontal 
or flat grate 1 A- inches 

Width of air-space between the hars } „ 

Kmnberofbars 6 i» 

From these data, the width of the flat grate is 7i inches ; 
the width of the horizontal projection of the inclined grate is 

o feet 2 inches, and the total horizontal width of grate is 
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8 feet 9 inches. Multiplied by 8 feet 8^ inches, the length 
of the bars, the area of the grate amonnts to 12 .^ square feet. 

The sum of the widths of the air-spaces in the grate-surfaco 
is equal to 10 inches, or about one-fourth of the total width 
of grate. With the step grate now described, the production 

of steam was at the rate of 6*10 lbs. per pxjuud of coal; — a 
result which was considered to be satisfactory* 



Digitized by Google 



CIIAPTEB rV. 



EVAPORATIVE PERFORMANCE OP COAL IK A MARINE 
BOILER AT NEWOASTLE-ON-TYNB. 

The principal portions of a report embracing the resalts of 

an instructive course of experiments made in 1857, are given 
in the Appendix, p. 174. Those experiments, which were con- 
dncted by Messrs. Longridge, Armstrong, and Richardson, 
were mude to test tbe evaporative power of the steam-coal of 
the Hartley district of i^orthunilx rland. The experiniuntal 
boiler was of the marine type, 10 feet 8 inches long, 7 feet 6 
inches wide, and 10 feet high ; with 2 internal furnaces, 8 feet 
by 3 feet iJ inches high, and 135 flue-tubes above the furnaces, 
in 9 rows of 15 each, 8 inches in diameter inside, 5i feet 
long. The dead-plates were 16 inches long, and 21 inches 
below the crown of the furnace. As the result of many 
preliminary trials, two standard lengths of fire-grates were 
fixed upon— 4 feet 9 inches, and 8 feet 2^ inches, with a fall 
of i inch to a foot ; and the fire-bars were cast i inch thick, 
with air-spaces from » to i inch wide. The fire-doors were 
made with slits ^ inch wide and 14 inches long, for the ad- 
mission of air. The chimney was 2 feet G inches in diameter. 
A water heater was applied at the base of the chimney, in 
the thoroughfare ; it contained 76 vertical tabes, 4 inches in 
diameter, surrounded by the feed- water. 

Total area of fire-grates, 4 feet 9 inches long, 28} square feet. 

Heating surface of boiler (outside), 749 square feet 
„ water heater • . 320 „ 
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Eatio of larger grate-area to heating surface of boiler, 1 to 26*28 
,1 emaller „ * „ „ 1 to 38*91 

Two systems of firing were adopted, as standards of 

practice : " — First, ordinary or spreading firing, in which the 
fuel was chargod over the grate, and the whole of the supply 
of air was admitted through the grate, Second, coking-firing, 
in which the fuel was charged, 1 cwt. at a time, upon the 
dead plate, and subsequently pushed on to the grate, making 
room for the next charge ; and air was admitted hy the door* 
way as well as by the grate. Four systems of furnace were 
tried, of which Mr. C. AV. Williams's was adjudged by the 
experimentalists to have rendered the best performance. 
According to this system, air was admitted above the fire 
at the front of the furnace, by means of cast-iron casings, 
having apertures on the outside, with sUdes, and perforated 
through the inner face, next the fire, with numerous | inch 
and i inch holes, having total area of 80 square inches, or 
5'83 square inches per square foot of grate. Alternate filing 
was adopted by Mr. Williams. The general results of the 
experiments are given in the following table. 
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The experimentalists reported that Mr. Williams's plan 
gave the best results, and they ooneladed: 1st. That, by 
an easy method of firing, combined with a due admission of 
au* in front of the furnace, and a proper arrangement of fire- 
grate, the emission of smoke may be e&ctually prevented 
in ordinary marine mnltitnbnlar boilers whilst using the 
steam-coals of the Hartley district of NortliuinberlanJ. 2nd. 
That the prevention of smoke increases the economic value 
of the fuel and the evaporative power of the boiler, drd. 
That tlic couls from the Hartley district have an evaporative 
power fully equal to that of the best Welsh steam-coals, and 
that, practically, as regards steam navigation, they are de- 
cidedly superior." 

These gentlemen made a trial of Aberaman Welsh coal, and 
ihey found that its practical evaporative power, when it was 
hand-picked, and the small coal rejected, was at the rate of 
12'35 lbs. of water per pound of coal, evaporated from 212° ; 
this may be compared with the best result from Hartley's 
coal, large and small together, in the table, which was 
12-53 lbs. water from 212° per pound of coal, or with an- 
other result of experiment with Hartley coal, not given in 
the table, showing 12*91 lbs. water per ponnd of coal. As 
a check on these results, they ascertained the total heat of 
combustion of the two coals here compared, by means of an 
apparatus constructed by Mr. Wright, of Westminster, so 
contrived that a portion of coal is burned under water, and 
the products of combustion actually passed through the 
water, which absorbs the whole heat of combustion. The 
following are the comparative values : — 

• 

Water pmciicnlly Evnpom'.ed Total Heat of CombiiRtion 
per Poujid of Coal. in Kvnporntive i^cieney 

Welsh coal, hand-picked . . 12-35 lbs. • • l-i'30 lbs. 
Hartley coal, large and small I2'91 „ • • 14'63 „ 

The experimentalists ako point out the elasticity of 
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action ' of the Hartley coals: they barned them at rates 
varying from 9 to d7i lbs. per square foot of grate per hour, 

^vitllout difliculty, and without smoke. Tho Welsh coiil, 
burued at the rate of lbs. per foot per hour, melted the 
fire-barS| it is said, after an hour and a half s work. 
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CHAPTER V. 

EVArorwVTIVE rERFOlLMANCE OF COAL IN LAXCASUIRE 
AND GALLOWAY liOiLEJttiS AT WIGAN. 

Am important and extensive series of experiments on the 
evaporative power of the eoals of South Lancashire and 
Cheshire, were conductecl at Wigan in 1866 — 68, by Mr. 
Lavington E. Fletcher, The results of these trials have 
been abstracted by the writer in his Manual of Rules, 
Tables, and Data : from which the following notice is de- 
rived. 

The coal selected for trial was Hmdley Yard ooaU from 
Trafford Pit, which ranks with the best coals of the district. 

Three stationary boilers were selected : 1st, an ordinary 
double-flue Lancashire boiler^ 7 feet in diameteri and 28 feet 
long ; the flue-tubes were 2 feet 1\ inches in diameter inside, 
of 3 inch plate. 2nd, another Lancashire boiler of the sumo 
dimensions, in which the tubes were of inch steel plate. 
8rd, a Galloway, or water-tube boiler, 26 feet long, and 
6 feet 6 inches in diameter ; with two furnace-tnhes 2 feet 
7t inches in diameter, opening to an oval flue 5 feet wide by 
2 feet 6i inches high, containing 24 vertical conical water- 
tubes. The first and second boilers were new and specially 
constructed for the trials ; the third boiler was a second- 
hand one. These three boilers were set side by side, on 
side walls and with two dampers. The flame passed through 
the flue -tubes, back under the boiler, then along the sides to 
the c>nmuey. The chimney was 105 feet high, above the 
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floor ; octagoual, 6 feet 10 inclies wide at the base, aud 
5 wide at the top, where the sectional area was 21 sqaare 
feet. 

Total grato-arca in each boiler : — G feet long ; 31 -.5 square feet. 
ff >i 4 „ 210 „ 

Lancashire. Galloway. 
Heating surface, in flue-tubes 464*34 square feet. 431*12 square feet. 
In external flues 303*08 288*24 ^ 

Total surface 7G7-42 „ 719*36 „ 

Bitio of grate-area, G feet ) , . ^ , ^ « 

Wto heating surface/^ ^24** „ 1 to 22*8 ^ 

Ratio of grate-area, 4 feet i , - r x o.. « 

long,tohcating surface) » 1 to 34-3 „ 

Circuit, or length of heating \ 
surface, traversed by f 



the draught from the ^ 

)....) 



80 feet. 74 feet 



centre of the grate. 
Total distance fr^ centre) 

of grate to base of J 117 „ 101 „ 

f'liiniiiey ) 

Height of chimney above) . 
level of floor / 100 feet. 

'"'"'tlfoitZr. .IT. } »» feet 9 inchc 

A Green*8 fuel-eeonomizer was placed in the main flue ; 
it had 12 rows of 4^ inch cast-iron pipes, 8 feet 9 inches 

long, placed vertically — 84 tubes in all — having a collective 
heating snrface of 850 square feet, exclusive of the connect- 
ing pipes at top and bottom. The feed-water wa? passed 
through the economizer on its way to the boiler, and ab- 
sorbed a portion of the waste heat* 

The fire-grates were tried at two lengths, 6 feet and 4 feet. 
The shorter grate gave the more economical result, but it 
generated steam less rapidly. Three modes of liring were 
tried — ^spreading, coking, and alternate firing. With round 
coal, on the whole, the greatest duty was obtained by coking 
firing, with the least smoke. With slack, alternate-side hxing 
had the advantage. 

Fires of different thicknesses were tried: 6 inches, 
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9 inehes, and 12 inches. It was found that 9 inches was 
better than 6 inches, and 12 inches hetter than 9 inches. 

Air admitted at the bridge gave a slightly better result than 
by the door ; and the admission of air in small quantity on 
the coking system, prevented smoke. The doors were 
double, slotted on the outside, and pierced with holes 
on the inner side. The maximum area of openmg was 
81^ square inches for each door, being at the rate of 
2 sq^uare inches per square foot for the 6-feet grates, and 
8 square inches for the 4-feet grates. The amount of 
opening was regulated by a slide. 

The standard fire adopted for trial was 12 inches thick, 
of round coal, treated on the coking system, with a little 
air admitted above the grate, for a minute or so after 

charging. 

The water was evaporated under atmospheric pressure. 

The quantity of refuse from the Hindley Yard coal, 
averaged, in the trials with the marine boiler, to be after- 
wards described, 2*8 per cent, of clinker, 2*8 per cent, of 
ash, and 0*8 per cent, of soot, in all, 6*4 per cent. Making 
allowance for the difference of soot, the total refuse may 
be taken, in the trials of the stationary boilers, at 6 per 
cent. 

General Deductiom. — ^The advantage of the 4-feet grate 
over the 6- feet grate, was manifested by comparative trials 
with round coal 12 inches thick, and slack 9 inches thick. 
With the 4-feet grate, the evaporative efficiency, taking 
averages, was 9 per cent, greater than with the 6-feet grate ; 
though the rapidity of evaporation was 15 per cent, less, at 
the same time that 19i per cent, more coal was burned per 
square foot per hour. 

When equal quantities of coal were burned per hour, the 
fires being 12 inches thick, 8 per cent, more efficiency and 
12 per cent, greater rapidity of evaporation were obtained 
from the shorter grate. Thus ; — 
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Ijength of grate • • • 
State of damper • • • 
CSoal per hour 

Coal per aquaie foot of grate 
per hour '. • . . 

Water at 100** erapoiated per hour 

Water at 21T per pound of coal 

Smoke per hour 

Yery light. • • • 
Brown • • • • 
Bhick. • . . • 



Coking Firing. 
6 feet. 4 feet 

two-third£ doeed. fully open. 
4*0 cwt. 4*14 cwt. 



14 lbs. 

65 cubic feet. 

10*10 llM9. 

4*3 minutes. 
0-4 „ 
00 « 



23 lbs. 

72-6 cubic feet. 
10*91 lbs. 

4*1 minutes. 
0*3 
0*0 



>» 



To compare the performances with coking and spreading 

firing, having 12-iQch fires for ronnd eoal, and 9-inch fires 
•with slack : — Whilst, with round coal, the rapidity of eva- 
poration was the same with both modes of firing, the effi- 
ciency was from 8 to 4 per cent, greater with coking. With 
slack, on the contrary, the spreading fire evaporated a fourth 
more water per hour than the coking fire, though with 4^ 
per cent, less efficiency. 

With thicknesses of coking fire, G inches, 9 inches, and 
12 inches, for round coal ; and 6 inches and 9 inches for 
slack ; the results were in all respects decidedly in favour of 
the thicker fires than the thinner fires. Comparing the 
thinnest and the thickest fires, from 5^ to 20 per cent, more 
water was evaporated per hour by the thickest fires, and 
from 11 to 18 per cent, more per pound of fuel. 

The effect of the admission of air above the grate, con- 
tinuously or intermittently, for the prevention of smoke, as 
compared with that of its non-admission, was ascertained 
with round coal, and with slack. The averaged results 
showed that by admitting the air above, the evaporative 
efficiency was increased 7 per cent. ; but that the rapidity 
of evaporation was diminished 3^^ per cent. 

Comparing the admission of air above the fuel at the door, 
and at the bridge through a perforated cast-iron plate; it 
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was found that the admission at the bridge made a better 
performance^ by about 2^ per cent, than at the door. 

To try the effect of increasing the supply of air abovo the 
fuel, the door-frame was perforated to give an additional 
square inch of air-way per foot of grate, maldng up 8 square 
inches ; an allowance of 1 square inch was also provided at 
the bridge. Eouiid coal was burned on the coking system, 
12 inches thick, on 6-feet grates, with a constant admission 
of air above the fuel. When the supply by the door was 
increased from 2 inches to 3 inches per square foot of grate, 
the evaporative eihciency fell o& 8^ per cent., and the 
rapidity 8 per cent. When an extra inch was supplied at 
llio bridge, making np 1 square inches per foot of grate, tbo 
evaporative elhciency only fell off 0*65 per cent., and the 
rapidity 1^ per cent. The effect of this evidence is, that 
the bridge is the better place for the admission of air, and 
that if the air be admitted by the bridge alone, the area of 
supply may be beneficially raised to 4 square inches per 
square foot of grate. 

Comparing the effect of the admission of air in a body, 
undivided, with that of its admission in streams, on a 6-feet 
grate, with coking fires 12 inches thick of round coal, there 
was 6i per cent, of loss of efficiency by the admission in a 
body, though the smoke was equally well prevented. 

Mr. Fletcher concludes that the greatest rapidity of 
evaporation was obtained when the passages for the admis- 
sion of air above the fuel were constantly closed ; that the 
next degree of rapidity was obtained when they were open 
only for a short time after charging, and the lowest when 
they were kept open continuously. He also concludes that, 
whilst, in realizing the highest power of a free-burning and 
gaseous coal, smoke is prevented ; yet, in realizing the 
highest power of the boiler, smoke is made. 

In burning slack, smoke was prevented as successfully as 
in burning round coal, though its evaporative efficiency was 
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from 1 to 1^ lb. of water per poand of fuel less tliau with 
roand coal. 

To work cut tb^ problem of firing slaek witbont smoke, 

and without loss of rapidity of evaporation, trials were made 
at the boilers of 16 mills, when the slack was iired on the 
alternate-side system* No alterations were made in the 
furnaces in preparation for these trials ; in many instances, 
the fire-doors had no air-passages through them. The 
grates were firom 8 feet 7 inches to 7 feet long; they 
averaged 6 feet in length. 

Number of boilerB filed • • . • • 05 boilers. 
Slack burned per boiler per week of 60 bourn • 17*35 tons. 
Slack per square foot of grutc per hour • • 19*25 lbs. 

Smoko per hour :— 

Very light •••••• 11*5 minutes. 

Brown 2*3 „ 

Black 0-3 ^ 

14*1 

In 12 instances^ no black smoke whatever was made. It 
is said that the steam was as well kept up, and the speed of 

the engines as well maintained, as before the trials were 
made. 

The performance of the donble-flue boilers amounted prac- 
tically to the same as that of the water-tube boiler. 
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COAL-BURNING IN LOCOMOTIVES. 

Ub. Miohabl Reynolds, in his excellent work on Loco- 
motive Engine Driving," thoroughly and authoritatively dis- 

cusses the management of the lire in a locomotive engine, so 
as to keep up steam, to prevent waste, and to economise the 
fuel. Sometimes," he says, Welsh coal, prohably from 
being too much wetted, hangs together in the firebox, and 
prevents the engine from steaming evenly, causing the fire to 
bom hoUow, and draw air. An engine fire will sometunes 
run for miles without any variation of pressure in the boiler 
of J lb. per square inch, either way, unless the feed happens 
to be put on. The first thing required to be done with such 
a stupid fire is to get a shovelful of small coal, and scatter 
them pell-mell over the top of the tire, but chiefly along the 
sides and front of the box ; the efiect will be that some of 
the small coals put on in this way will fall into the very 
hole or holes through which the engine is drawing air. 
Tobacco-smokers sometimes do this kind of thing to get 
their pipes to burn. They slightly move the tobacco with 
their finger on the top, and that knocks a morsel of 'sveed 
into the air-hole, and the pipe afterwards burns charmingly. 
When this plan is of no effect — and this can be soon ascer- 
tained by watching if the needle of the pressure-gauge 
begins to rise — the dart should be thrust into the centre of 
the fire, and the fire gently raised so as to open it if it close, 
or to close it together when it has burned hoUow. Provided 
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that a driver can see his way with such a fire, it is, in point 
of economy, best to leave it undisturbed, for, sooner or later^ 
the action of the blast and the vibration of the road ^nll 
bring it round ; bat, of coarse, on fast and important 
trains, action is required to be taken at once, and either 
of the two mentioned remedies will seldom fail to move the 
needle. 

"The coal-fire of haycock shape, eminently associate*^ 
with failures through want of Bteam, is made by shovelling 
ihe coals into the middle of the firebox, a practice about as 
far behind the times, comparatively speaking, as the use of 
the flint and the tinder-box would be in the year 187dr The 
eharacteristics of such a fire are — ^uncertainty as regards 
making steam, and certainty as regards destruction to fire- 
boxes and tabes. It generally draws air at the walls of the 
box, andy in consequence, the fire-irons are always in the 
fire, knocking it about, and wasting the fuel. As such fires 
are formed on the centre of the grate, they weigh down the 
fire-bars in the middle, and may even cause fhem to drop 
oflf their bearers or supports. Bat there are greater evil 
consequences even than these : the cold air being admitted 
into the firebox up the sides, instead of in the middle, comes 
into direct contact with the heated plates and stays, doing 
them a deal of damage by causing intermittent expansion 
and contraction. 

That the fire in a locomotive firebox should maintain 
steam under all circumstances of load and weather, should 
consume its own smoke, should bum up every particle of 
good matter in the coal, and, in fine, should be worked to the 
highest point of economy, it requires to be made in the 
beginning, and maintained, to a form almost resembling the 
inside of a tea-saucer, shallow and concave, where the 
thinnest part of the fire is in the centre. A fire of this 
form makes steam when other fires do not, being built on 
a principle that never yet misled either the driver or the 

« 
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fireman. It has brought a man a good name many a 
time. 

How to fire ? Tbis is a very important question. 

*' The first shovelful of coal should find a billet in the 
left-hand front coiner ; the second shovelful in the right- 
hand front corner; the third shovelM in the right-hand 
back corner ; the fourth shovelful in the left-hand back 
comer ; the fifth shovelful under the brick arch close to the 
tube-plate; the sixth, and last, under the fire-door. To 
land this one properly, the shovel must enter into the fire- 
box, and should be turned over sharp to prevent the coals 
falling into the centre of the grate or the fire. 

It will at once be seen that this fire is made close 
against the walls of the firebox, and in actual contact with 
the heating surface; also that the principal mass of the coals 
lies over the bearers which carry the fire-bars. The centre 
of this kind of fire is self-feeding, for, by the action of the 
blast and the shaking of the engine, the lumps in the corners 
are caused to roll or fall towards the centre. On this 
system, the centre is the thinnest part of the fire, quite open 
and free from dirt ; the dirt falls down by the sides of the 
copper plates, and assists in preventing ttie cold air from 
touching the plates. With a fire of this description, the air 
or oxygen can only get into the firebox and into the neigh- 
bourhood of the tubes through the centre — ^through fire— 
and, mingling with the fiame, it becomes instantly heated to 
a very high temperature before entering the tubes, which 
are thereby assisted in maintaining an even pressure in the 
boiler. 

** Coals of the same description have been delivered to two 
difierent drivers, having engines of the same class, working 
on the same day, running the trains over the same ground, 

with equal average loads, and the result has been, that while 
one driver could do anything with the coals, the other man 
was ' afraid * of them. The former put his coals against the 
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walls of ihe firebox, and the latter pat them in the centre of 

the grate. 

The secret of first-rate firing is to fire freqnently, a little 
at a time.*' * 

* '^LocomotiTe Engine Dnying/' page 7S» 
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CHAPTER VII 



COKE. 

Coke, as has already been stated, is the solid residuum of 
coal from whieh the volatilizable portions have been removed 
by heat — a process which is illastrated in the action of 

ordinary furnaces, in which the gasified elements of coal are 
first burned off, then the fixed or residuary coke. 

Quantity of Coke yielded by Coal, — The quantity of coke 
produced from coal, excluding anthracite, is found, by 
kboratory analysis, to be as follows : — 

CSoKE {Excluding Anthracites). 
English coals • • . . • 50 to 72 per oeot. 

American coals 64 to 86 „ 

French coals 63 to 76 

Indian coals 62 to 84 „ 

The percentage of coke obtained from coal, excluding 

anthracite, is thus seen to vary from 50 to 8G per cent., and 
it varies as much in quality. Anthracite cokes scarcely 
deserve the name of coke ; they are without cohesion and 
pulverulent, or powdery. The best coke is produced from 
coals of bituminous quality: it is clear^ crystalline, and 
porous, and is formed in columnar masses. It has a steel- 
grey colour, possesses a metallic lustre, with a metallic ring 
when struck, and is so hard as to be capable of cutting 
glass. 

Coke comprises, besides the fixed carbon of coal, the ash, 

or incombustible element of coal ; and, therefore, though a 
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ipven coal may yield a large percentage of cokct the coke 
may be of inferior quality, and may do less dnty than a 

smaller yield of coke from another coal which contains a less 
quantity of ash. Foi instance, Australian coal gives 68*27 
per cent* of coke, containing 8*88 per cent, of ash ; whilst 
the Kagpore coal yields 76 per cent, of coke, containing 
18*73 per cent, of ash. But though the yield of coke from 
the Nagpore is the greater, yet its gross efficiency must be 
the less, since the Australian contains 60 per cent, of fixed 
carbon, aiid the Nagpore only 57 per cent, of the total 
weight of coaly after deducting the percentage of ash. 

The quality of coke obyiously depends in a great measure 
on the proportion of the constituent hydrogen and oxygen of 
the coal from which it is made, which regulate the degree of 
fiisibility of the coal when exposed to heat. Taking for 
example the particulars of the coke produced from French 
coal, and arranging the average for each kind of coal in the 
order of the quantity of hydrogen in excess, the nature of 
the coke produced, as described by M. Peclet, was as 
follows : — 





Hydiogieii. 


Oxygen 
nnd 
Nitrogen. 

* 


Hydrogen 
inexoeas. 


1 

Nature of the 
Coke. 


Anthracite .... 
Dry coals, long flame . 
Bituminous coals, ) 

long flame . . j 
Bituminous hard coals 
Bituminoiis coking ) 

coals • • . . j 


per cent. 
2-67 

5- 23 

6- 35 
4*88 
5*08 


per cent. 

2-85 
16-01 

8-63 

4- 88 

5- 65 


per cent. 
2-43 
309 

4*15 

4-27 

4-30 


pulv(Tulent 
in fragments 

porous 

very porous 



Showing a series of five coals, with an ascending series of 
hydrogen in excess, from 2*43 to 4-30 per cent. The 
nature of the cokes advances correspondingly from pulveru- 
lent, or powdery, to very porous or excessively fiised and 
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raised. The £rst is, in fEkct, a failure as a coke, and the 
ieoondy with 8*09 per eent. of hydrogen in excess, barely 
eoheres, being in fragments ; the ttiird and fourth, with 
about 4*20 per cent, of hydrogen in excess, produce a porous 
and eohesiye coke; and the fifth, an excessively porous 
coke, bright, but comparatively light for metallurgical 
operations. 

From this it appears that coal that has less than 8 per 
cent, of hydrogen in excess is unfit for coke-making ; and 

that, for the manufacture of good coke, coal containing at 
least 4 per cent, of free hydrogen is required. The hydro- 
gen, being in combination ^with carbon, in various propor- 
tions to form tar and oil, softens the fixed carbon, and forms 
a pasty mass, which is raised like bread by the expansion of 
the confined gases and vapours seekmg to escape. 

Coke of good quality weighs from 40 lbs. to 50 lbs. per 
cubic foot, solid, and about 80 lbs. per cubic foot, heaped. 
The average volume of 1 ton is 75 cubic feet. In compo- 
sition, coke varies within the following limits :— > 

Average of 19 Cokes. 
Carbon . . . 86 to 97i per cent. . . . 93-6 per cent. 
Sulphur . . . } to 2 „ ... 1*2 „ 
Aflh ... 1^ to 14| „ ... 5-3 M 

100*0 

Coke is capable of absorbing from 15 to 20 per cent, of 
its weight of water from the atmosphere. £xposed to the 
atmosphere for a length of time^ it commonly holds from 
5 to 10 per cent, of moisture. 

The best experience of the combustion of coke has been 
derived from the practice of locomotives. A rapid draught 
is required for effecting the complete combustion of coke, 
preventing the reaction which is likely to take place when 
currents of carbonic acid traverse ignited coke, and become 
converted into carbonic oxide. The 'writer, in 1862| showed 
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by a process of mechanical analysis,* that the combustion of 
Goke in the firebox of the ordinary eoke-boming locomotive 

was practically complete. The total heat of combustion of 
1 lb* of good sound coke was found ordinarily to be disposed 
of as follows, when the temperatore in the smoke-boz did 

not exceed 600° Fahr. :— 

78 per cent, in the formation of steam 
16^ ff by the heat of the humt gases in the smoke-box. 
6^ M draw-back by ash and waste* 

100 



This appropriation of the performance of one pound of 

coke is based on the chemical fact, that the maximum 
evaporative power of absolutely puie coke, — entirely car- 
bon, — ^is expressed by a trifle more than 12 lbs. of cold 
water snpplied at 60^ Fahr., evaporated into high-pressure 
steam, by 1 lb. of such coke. Of this ultimate performance, 
78 per cent, represents the evaporation of 9i lbs. of water, 
and 16^ per cent, represents the heat carried off by the 
products of combustion, which, if economised, would eva- 
porate additionally 2 lbs. of water. 

These conclnsions were subsequently corroborated by the 
results of a chemical analysis in 1858, of th) products of 
combustion of coke in the engines of the Paris and Lyons 
Bailway, by MM. Ebelmen and Sauvage. They ezperi- 
mented with passenger and with goods engines ; and they 
found that the proportion of carbonic acid contained in the 
gases collected from the tnbes at the smoke-box was greater 
than was found in the gases from ordinary boiler-furnaces, 
whilst the proportion of free oxygen due to surplus air 
in the gases, was less in the locomotive. In the passenger 
engines and mixed-traffic engines it was found that the 
proportion of carbonic acid vaiied iiom 12 to 18^ per cent. 

♦ "Eaflway Machinery,*' page 122. 
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of the total volume of the gases, without any trace of 
carbonic oxide, proving that the carbon was entirely con- 
verted into carbonic acid; In the goods-engines with deep 
charges of coke, a greater proportion of carbonic oxide was 
produced. When the fire was 40 inches deepi there was 
71^ per cent, of oxide, by volome, representing an equal 
volume of carbonic acid displaced. The total volume of 
carbonic acid in the gases of completely burned coke, 
averages 20^ per cent, of the total volame, and it appears 
that in this instance, a third of the carbon was discharged 
as carbonic oxide. But a depth of 40 inches is excessive, 
as a matter of ordinary practice ; and to exemplify the 
inflnence of draught upon the state of the combustion, it 
may be added that, when steam was shut off, the production 
of carbonic oxide rose as high as 12 per cent, of the entire 
volume. 
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JMmTE, ASPHALTE, AKD WOOD. 

LioiviTBi or as it is occasionally called, bromi coal, though 

it is often found of a black colour, belongs to a more recent 
formation, — the tertiary, — than coal. It is, in fact, an 
imperfect coal. Brown lignite is sometimes of a woody 
texture, sometimes earthy. Black lignite is either of a 
woody texture, or it is homogeneous, with a resinous frac- 
tore. Some lignites, more folly developed, are of a schistose 
character, with pyrites in their composition. The coke pro- 
duced from various lignites is either pulverulent, like that of 
anthracite, or it retains the forms of its original fibres. 
Lignite is less dense than coal. 

Asphalte, like lignite, has a largo proportion of hydrogen, 
but it has less of oxygen and nitrogen : and, having 8^ per 
cent, of free hydrogen, it yields a firmer coke. The average 
composition of perfect lignite and of asphalte, may bo taken 
in round numbers^ as follows :— 



CarLon ^ • • • 

Hydrogen . . « 

Oxygeu and nitrogen • 

Ash ... . 



Lignite. Asphalte. 
69 per cent. 79 per cent. 



6 


99 


9 


99 


20 


99 


0 


99 


6 


99 


3 


99 


100 




100~ 





The lignites are distinguished from coal by the large pro- 
portion of oxygen in their composition, — from 13 to 29 per 
eent.»— -which goes far to neutralise the hydrogen. 

l3 
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The woods of resinous trees are nearly identical in chemical 
compositiony which may he taken as averagiiig thus : — 

P£Bracn.T DBT Wood. 

CBrbon 60 per eent. 

Hydrogen 6 99 

Oxygea 41 » 

Nitrogen •••••• ^ n 

Aah ' . . 2 „ 

100 



showing that there is only 56 per cent, of combostihle 
matter, that there is a large quantity of oxygen, nearly 

sufficient to neutralise the whole of the hydrogen, and that 
there is only 2 per cent, of ash. The composition of ordinary 
firewood, indading hygrometrie water, is as follows 



Hygrometric water 
Oarbon 
Hydrogen 
Oxygen 
Nitrogen 
Aah 



percent. 



S7-5 
4*5 
80-76 

0*75 
1-5 

10000 



ft 

ff 
n 
ff 



English oak weighs S8 lbs. per eabic foot, and yellow pine 
41 lb. per cubic foot. A cord of pine wood, — that is, of pine 

wood cut up and piled, — in the United States, measures 
4 feet by 4 feet, by 8 feet, and has a volome of 128 cafaic feet. 
Its weight, in ordinary condition, ayerages 2,700 lbs. eqni* 
valent to 21 lbs. per cubic foot. 

It has been ascertained in America, that 1 ton of Comber- 
land coal, best quality, is equal to 2*12 cords, or 2'65 tons 
of pine wood. From this it would follow that 1 lb. of coal 
is equivalent to 2*55 lbs. of pine: or, that pine has in 
practice only two-fifths of the evaporative power of coal, 
equal to about 2)- lbs. of water evaporated per pound of 
pine. According to the results of other experiments in 
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locomotives, 1 lb. of coal is equivaleut to 8 lbs. of pine wood. 
This indicates an evaporative power of only 2 lbs. of water 
per pound of fael. Mr. Haswell states that from 2^ lbs. to 
2j lbs. of pine are equal to 1 lb. of the best coal ; and, 
allowing 6 lbs. of water to be evaporated per pound of coal, 
—in 1850, at the time of the observation, — ^the water eva- 
porated per pound of pine was 2^^ lbs. Professor W. R. 
Johnson found, in 1844, that 1 lb. of dry pine would, by 
carefnl management, evaporate 4*69 lbs, of water. 

The results of reeent experiments made in 1869 — ^1874, 
with unseasoned pine wood and with kiln -dried wood, will 
be afterwards notieed, as given by Mr. William Anderson, in 
the Chapter on Peat. They show that in a stationary double 
flue-boiler, wood which had been cut one year, and was 
then damp, evaporated 3^ lbs. of water from and at 212^ 
Fahr., per pound of wood ; and that the desiccated wood 
evaporated 5 lbs« 
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CHAPTEB IX* 



PEAT. 

Peat is the organic matter, or vegetable soil of bogs, swamps, 
and marshes, — decayed mosses or sphagntims, sedges, coarse 

grass, &c. — in beds varying from 1 or 2 feet to 20, 30, or 40 
feet deep. The peat near the surface, less advanced in de- 
composition, is light, spongy, and fibrons, of a yeUow or light 
reddish-brown colour ; lower down, it is more compact, of a 
dark-brown colour ; and in the lowest strata, it is of a blackish 
brown, or almost a black colour, having a pitchy or nnctnons 
feel, the fibrous textnre nearly or altogether obliterated. 

Peat, in its natural condition, generally contains from 
75 to 80 per cent, of its entire weight, of water. The consti- 
tnent water occasionally amonnts to 85 per cent, or even to 
90 per cent. ; in this case, the peat is of the consistency of 
mire. It shrinks very mnch in drying; and its specific 
gravity, when dry, varies from *22 or *84 to 1*06 ; the snrface 
peat being the lightest, and the lowest peat the densest. If 
peat be masticated, macerated, or milled, whilst it is wet, so 
that the fibre is broken, crashed or cnt, the contraction in 
drying is much increased by the treatment ; and the peat 
becomes denser, and is better consolidated than when it is 
dried as cnt from the bog. Peat so prepared is known as 
condensed peat; and the degree of condensation varies ac- 
cording to the natural heaviness of the peat. Peat from the 
lowest beds, so treated, is condensed only to a small extent ; 
but peat from the middle and the npper beds, becomes con- 



Digitized by Google 



PEAT. 



229 



densed, when dry, to from two to three times its natural 
ddimity. So efifoctively is peat consolidated and condensed 
by the simple process of destroying the fibres whilst wet, 

that no merely mechanical force of compression is equal in 
efficiency to mastication. Mr. A. McDonnell gives the com- 
position of average good air-dried " peat and poor air- 
dried " peat, analysed by Dr. Reynolds, as in the annexed 
table. An analysis by Dr. Cameron of dense peat from 
Galway is added. 



Composition qv Irish Peats. 



Description. 


Moisture. 


Carbon. 


Hydrogen. 


Oxygen. 


Nitrogen. 


Sulphur. 


i 


Coke. 


Good air-dried 
Poor air-dried 
Dense, from ) 
Galway / 


per cent 
24*2 
29*4 

29-3 


per cent 
45-3 
42*1 

42-0 


per cent 
4-6 
81 

61 


per cent 
24 
21 

17-0 1 


percent 

•1 

•0 

1-7 


per cent 
•6 


per cent 
1-8 
4-4 

3-8 


percent 
31-3 


Averages . 


27-8 


43-1 


4-3 


21-4 


i 


3-3 





Ordinary air-dried peat contains from 20 to 80 per cent, of 
its gross weight, of moisture. If dried in air in the most 

effective manner, it contains at least 15 per cent, of moisture ; 
and even when dried in a stove, it seldom holds less than 
7 or 8 per cent. 

The weight of a solid cubic foot of air-dried peat varies 
from 15 lbs. to 66 lbs. according to the original formation of 
the peat. Condensed peat weighs from 60 lbs. to 80 lbs. per 
cubic foot solid. In heaps, the weight per cubic foot of air- 
dried peat is, of course, much less; it varies from 6 lbs, to 
22^ lbs. per cubic foot. From this, it follows that a ton of 
the lightest air-dried peat may occupy a space of 870 cubic 
feet ; a ton of the densest air- dried peat occupies 100 cubic 
feet of space ; whilst a ton of condensed peat only occupies 
a space of from 40 to 60 cubic feet. 
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British peat and foreign peat are very much like Irish 
peat in composition ; the principal variation takes place in 
the proportion of ash. 

The average evaporative performance of dry peat in steam- 
boilers is one half of that of good coali weight for weight. 
But the proportion varies either way from the average. Mr* 
William Anderson, in an instructive Note/*' gives an account 
of comparative experiments conducted by M. Keerayef, at the 
Abonchoff 8teei Worksi near St. Petersburg, on the eva- 
porative performances of coal, wood, and peat, in double-flue 
multi-tubular cylindrical boilers. The peat was of a compact 
quality, was moulded by hand into 4-inch balls, and air- 
dried till the moisture did not exceed 14 per cent. The wood 
consisted of a mixture of red pine and white pine in billets. 
These results, together with those of some experiments made 
by Mr. Anderson in a boiler of the same class, at Erith Iron 
Works, are given below. The fire-grate area amounted to 
SO square feet, and the heating surface to 696 square feet 



KE8VLT8 OP Comparative Experiments on the Evafokatiyb 
Powers of Coal, Wood, and Peat, 
(Mr, Anderson's Experiments.) 



Locality and Desoriptioii of FueL 


Fuel con- 
sumed per 
hour. 


Water eva- 
porated per 

hour, at 
100 4' F. 


Water eva- 
porated at 

212^ F., ror 
lb. of fueL 




Ibt. 


cnUeftet 


Iba. 


Erith Iron Works, 1869-70:— 








Good Newcastle coal • • • 


335 


48 


9-79 




351 


60 


10-09 


Abouchoff Steel Works, 1870-74 










450 


49-5 


7-57 


615 


61 


6-76 


Wood cut 1 year ; still damp • 
Wood dried artificiaUy • . • 


796 


sse 


$•25 


m 


40-4 


6-0 








4*26 



^ Notes of a visit paid to some Peat Works in the neighbourhood 
of 8t. Peienburg, in May, 1875/' in the Ftoeee^ng$ of the InstiMUm 
of CwU Mngineere, vol. 41, 1874-75, rian^A 202. 
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Hero is to be noted the superior efficiency of desiccated 
wood compared with damp wood, already noticed. The 
peat, eontaming 14 per cent, of moisture was more efficient 
for evaporation than the nndried wood ; and its performance, 
4*26 lbs. of water per pound of peat, ia precisely cue half of 
{he average pezformancei 8*55 lbs. per ponnd of fael, of the 
four coals in the table: — a ratio which is corroborative of 
the commonly accepted value of peat compared with that 
of ocal. 
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TAN, STRAW, AND GOTTON-STALEa 

Tan, or oak-bark, after having been used in fhe process of 

tanning, is burned as fuel. The spent tan consists of the 
fibrons portion of the bark. According to M. Peclet, £ve 
parts of oak-bark produce fonr parts of dry tan, and the 
heating power of perfectly dry tan, containing 15 per cent, 
of ashy is 6,100 Enghsh units, whilst that of tan in an 
ordinary state of dryness, containing 80 per cent, of water, 
is only 4,284 English units. The weight of water evapo- 
rated from and at 212"" Fahr. by one pound of tan, equivalent 
to these heating powers, is — 

For perfectly dxy tan 6*31 lbs. 

For tan containing 80 per cent, of moistnze • 4*44 „ 

These results are in accord with the results of experiments 
made by Professor R. H. Thurston on the evaporative power 
of spent tan, fresh from the leaches, containing from 55 to 
59 per cent, of moisture as compared with air-dried tan, 
weighing 42^- lbs. per cubic foot. By the combustion of the 
wet tan, from d| lbs. to 4^ lbs. of water was evaporated per 
pound of the tan ; or, allowing for the excess of moisture in 
the tan, from 4*41 lbs. to 5*08 lbs. of water per pound of 
air-dried tan. 

Mr. John Head* states the results of many experiments 

« See A Few Notes on the Portable Steam Engine^" by Mr. John 
Head, 1877 ; page 42. 
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with straw and cotton-stalks as fuel in portable-engine 
boilers ; from which it appears that from 2^ lbs. to 2^ lbs. 
of water is evaporated per poimd of straw containing 16 per 
cent, of moisture, and from 2f lbs. to 8 lbs. of water per 
pound of cotton-stalks or brashwood. 
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GHAPTEB XI. 
IIQXTID FUEL— FETROLEUM. 

Pbtboleum, though as a liquid fiiel last in order, in eertainly 

not the least powerful fuel. It stands, on the contrary, first 
in heating power. The average composition is as follows : — 

CSarbon 85 per cent. 

Hydrogen 13 „ 

Oxygen _2_ „ 

100 



ea TANK 




Fig. 118.— Liquid Fuel for 6team Boiler. 



In a valnable paper on liquid fuels,* Mr. Harrison Aydon 
gives the results of many experiments made with petroleum 

• On liquid Faels,*' in the JPh>c$eding8 of the InaHtuiion nf 
C6pU Engineers, 1877-78,* vol. Hi., page 177. 
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as a fuel. Burnt under Bteam boilers, on the system of 
Messrs. Wise, Field, and Aydon, — a mixture of peirolenniy 
air, and snperheated steam, — ^the fuel has heen proved to be 
capable of evaporating, under ordinary circumstances, 20 lbs. 
of water from and at 212° Fahr., per pound of fuel. In 
one mstanee, it appeared that 25'2 lbs. of water was evapo- 
rated at 35 lbs. pressure, per pound of oil at 50° Fahr. : equiva- 
lent, when reduced for 212° Fahr., to 28*9 lbs. of water per 
ponnd of fuel. The arrangement of the famace with wlueh 
this performance was accomplished is shown in Fig. 118. 
The liquid fuel is injected over the door into the furnace, 
with steam, either plain or snperheated, so as to convert the 
oil into vapour, and at the same time to mix with it just a 
sufficient proportion of air to insure complete combustion. 
The boiler was of the Cornish type, BO feet long by 7 feet in 
diameter ; the fine, 8 feet in diameter, was made np with 
firebrick to form the furnace, as shown. 
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CHAPTER XII. 

TOTAL HEAT OF COMBUSTION OF FUELS. 

The annexed table * shows, in a small compass, the total 
heat of combustion of one pound of combostibles, and their 
equivalent evaporative powers, with the weight of oxygen 
and the quantity of air chemically consumed. 



Total Hbat Etoltbd bt 0ohbu8tibI(SB, and tebib Equiyalxnt 

EVAPOBATIVB PoWBBy WITH THB WbIOHT OF OxTOBN AND QUAIT* 
TITT OF AlB OhBKICALLT CONSITHBD. 



1 

1 

> 

Combustible. 


Wcicrht of 

oxygcQ 
oonsumed 

per lb. of 

tible. 


Quantity of air 
ooiuuiiwd 1 
per lb. of 
combufitible. 


Total 

nPTt oi 

combuation 
of lib. of 
oombnttiUe. 


Equivalent 
©vaporativ® 

powL T OI 1 I n. OI 

combustible, 

mkdor OHM 
atmosphere, at 
212°!'. 




IK 


lb. 


cubic ft. 


tmits. 


lb. of water 






at 00" F. 




from and at 212* 


Hydrogen .... 


8-0 


34-8 


457 


62,032 


64*2 


Carbon, making » 
carbonic oxide . j 


Ida 


6-8 


76 


4,452 


4*61 


Garbon, making \ 
carbonic acid . I 


2-66 


11-6 


152 


14,500 


150 


Ciirbomo oxide . . 


0-67 


2-48 


33 


4,325 


4*48 


Light carburetted 1 

hydrogen . . j 
r»i-carburotted hy- ) 
drot^en, or olefi- / 


4-0 


17-4 


229 


23,513 


24-34 












3-43 


150 


196 


21,343 


22*09 


aiit gas • • • ) 












Goal of average \ 

composition . . / 


1-00 


4-36 


57 


4,082 


4-17 


2'4G 


10-7 


140 


14,133 


14-62 


Coko, desiccated . • 


2-60 


10-9 


1 13 


13,550 


1402 


Wood 9) . • 


1-40 


G-1 


80 


7,702 


807 


Poat „ . . 


175 


7-6 


100 


0,9.51 


10-30 




203 


S-So 


116 


11,678 


1210 


Asphalte .... 


2 73 


11-87 


166 


16,655 


17-24 


Straw, 15| per cent. 
moisture • . ) 


•98 


4-2G 


56 


5,196 


5-56 


j Petroleum • • . • 


4*12 


17*93 


236 


27,531 


28*50 



* Abstracted from A Manual ofMtUet^ TahU9f and Jhta, page 405. 
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CHAPTER XUI. 



GAS-FURNACES FUNCTION AND OPEBATION OF 

GAS-FURNACES. 

Gas-fubmaobs have been employed on the Continent, parti- 
cularly in Styria, for upwards of 85 years. It was early 
apprehended that, whilst the principles of the combustion of 
fhel in an ordinary grate were explicit enough, the work of 
combtistion and of generation of heat was, for the most part, 
but roughly completed in reality^ and that the defects of the 
open-grate system of combnstion comprised not only a con- 
version of the elements in a greater or less degree imperfect, 
but also a maximum temperature frequently much lower 
than that which was chemically attainable. The inferiority 
of the temperatnre which is made available in this manner, 
is, for many applications of heat, of much more serious import 
than the actual loss of heat by quantity ; and it has long 
been recognised that the only system of heating which 
carries with it a complete remedy for the shortcomings of 
the ordinary fire, and the imperfections of various fuels, is 
the system of heatmg by gases generated from the fuel, 1 y a 
process resembling distilhition, which, being collected and 
conducted to the region where the heat of combustion is to 
be ntilised, are mixed with air, ignited, inflamed, and con- 
sumed on the spot. These gaseous substances arriving 
without the accompaniment of ash or cinder, at the place 
for action, do not alter or affect the snrfetces of the bodies 
destined to receive the heat ; and the heat is discharged, by 
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radiation as well as by conduction, just where it is required. 
It appears that the idea of transforming solid combustibles into 
gaseons combustibles, as well as of making the first practical 
application of the idea, is due to M. Ebelmen, who, in 
January, 1842| read a paper at the Academy of Sciences, in 
which he explained the results of experiments which he had 
made at the forges at Audincourt during the preceding year. 
He drew attention to the availability of the debris of char- 
coal, and of other combustibles of little value, by subjecting 
them to the action of a blast of hot air, by which they were 
converted into carbonic oxide, and of employing this gas 
as a combustible for the operations of iron manufacture. 
He clearly indicated the elementary principles of the process 
for the manufacture of gas-fuel : — the use of air, either forced 
or not forced ; either hot or cold, for producing the gases or 
for burning them; the use of steam; the division of the 
air and of the gas into thin sheets, for the purpose of pro- 
ducing a perfect mixture, and the recovery of the heat 
previously absorbed by the air. 

Mr. William Gorman,* in 1859, highly appreciating the 
superiority of the system of combustion by preliminary con- 
version of the fuel into gas, foresaw the advantage of the 
system in the facilities aflforded by it for placing the com- 
bustion where it would be most effective. This power," 
he says, of transferring the greater part of the combustion 
of the coal from the grate to the body of the furnace, to- 
gether with complete combustion of the coal gas, promises 

to be of great use in the manufacture and working of 

* If 
iron. * 

But it was twenty years after Ebelmen had first drawn 
attention to the advantages of converting solid combustibles 
into gas-fhels — ^when Dr. 0. William Siemens had accom- 
plished the remarkable practical results of his system of 

* ^ On the Cknabustion of CSoal,*' in the TramaetioiM of the Jiuti^ 
tuiim nfXnffinHin ^ Scotland^ vol ii., page 70. 
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regeDerative furnace — that the gas-fiu*nace came into general 
practical use in the mannfactoringindostries. Gazogenes/* 
or gas-generators, or gas-producers, are now generally em- 
ployed, especially on the Continent, in metallurgic operations, 
in the manofiactare of glass, and many other industries* In 
the greater number of industries, gas-furnaces exclusively 
are employed. 

There are two modes in which gaseous fuel may be gene- 
rated. The first consists in a distillation of the combustibles 
— that is to say, heating thom in retorts or close vessels, 
without the intervention of air. This treatment is only 
applicable to such fuels as contain hydro-carbonaceous com- 
pounds susceptible of being volatilised by heat — such as 
yield gases better adapted for lighliug than for heating; 
and it may be passed over without further comment. 
The second method differs radically from the first, since 
every portion of combustible, whether volatilisable or not, is 
converted into gaseous matter, with the exception of the 
ash. The portion of the fuel next to the grate, deprived of 
its volatile elements, and in immediate contact with air, is 
converted into carbonic acid. Passing upwards through the 
fuel, this gas, taking up an additional equivalent of carbon, 
is converted into carbonic oxide ; whilst from the upper 
portions of the fuel, the volatile hydro-carbons and other 
gases are driven off by distillation. The result is a gaseous 
mixture, consisting mainly of carbonic oxide, hydro- carbon, 
and nitrogen, which, by a due administration of air at the 
required point, is consumed, and results in the usual pro- 
ducts of combustion — carbonic acid, steam, and nitrogen, — 
which are passed off into the chimney. 

Dr. Siemens concisely describes the functions of the 
gazogene : — In the lower portion the fuel is burned, and 
this may be called the zone of combustion ; higher up, the 
carbonic acid takes up a further equivalent of carbon, be- 
coming carbonic oxide, and this may be called the zone of 



uiyiu^L-u Ly Google 



2i0 FUELS : THEIR COMBUSTION AND ECONOMY. 

carbonization ; whilst, at the uppermost layer of the pro- 
daeer, hydro-oarbons are produeed in what may be called 
the zone of distillation.'* 

The functions of gas-furnaces are, then, to pistil and vola- 
tilise the fuel into carbonic oxide and hydro-carbon gases, in 
the gazogene ; to conduct the gaseous mixture into a com- 
bustion-chamber, — the spot where it is required to develop 
the beat ; and then to mingle with it the proper proportion 
of atmospheric air required for effecting its complete com- 
bustion. The combustible and the air are in the same 
physical condition — gaseous ; so that they may be inti- 
mately mixed in suitable proportions, and with but a slight 
excess of air. Herein is an important source of economy of 
fuel in the gas-furnace ; with the regularity and constancy 
of the supply of combustible, there is great &cility for 
measuring with exactitude the necessary quantity of air, and 
for regulating its admission with precision. An ordinary 
grate, immediately after having been fired with fresh fuel, 
should — ^notwithstanding Mr. 0. W. Williams — ^be supplied 
with twice as much air as it needed before having been stoked. 
When the needful supply is wanting, the hydro-carbons 
which are immediately generated are carried off unbumed, 
taking with them the heat expended in volatilising them. 
But since, in the producer of the gas-furnace, the layer of 
fuel is of constant thickness, the rate at which the gas is 
generated and delivered is regulated by the damper once for 
all ; and exactly the same conditions are uniformly present for 
the supply of air to be mingled with the gases* Much labour 
is saved, as the fuel need only be supplied at intervals of 
from eight to twelve hours ; and inexperienced labourers 
can without difficulty be trained to become good firemen. 
Very considerable indeed is the money-saving, apart from 
the economy of fuel, to be effected by the employment of 
gas-furnaces, simply by the facility with which small coal 
and fuel of inferior quality may be utilised. 
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Gazogenes are employed under various forms, suited to 
the nature of the fuels and of the duty to be performed. 
The normal form is typified by the generator employed 
by Dr. Siemens, described further on. There is a grate at 
the lower part, nearly horizontal, upon which a bed of fuel 
ties, of considerable thickness ; the thickness may vary from 
2 feet to 4 feet in depth, according to the kind of fnel need. 
The upper part of the gazogene is generally at the level of 
the gronndy made with one or several boxes or simple 
openings through which the fuel is charged. There are also 
holes through which the fuel may be picked or loosened, 
when necessary, and arches that are formed by bituminous 
fuels broken down. These holes are also useful to enable the 
stoker to inform himself of the state of the lire, and to judge 
of the proper time for introducing more fuel. The depth of 
ordinary gazogenes varies from 8 feet to 10 feet. A fire- 
proof damper is adapted to the producer to regulate the 
supply of gas, and to close at any moment the communica* 
tion mOi the furnace. 
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CHAPTER XIV. 

APPUOATION OF GAS-FURNACES FOR THE MANUFAC- 
TURE OF GAb.» 

The employment of gas-furnaces at the gas works at Mon- 
tieuil has been snccessfully introduced there to the designs 
of MM. Muller and Eiclielbrenner, the results of many ex- 
periments made with the assistance of M. Fichet. The con- 
sumptions of these fdrnaces may he compared with those of 
the ordinary grate -furnaces, in terms of the quantity of coke 
consumed as fuel for the distillation of a ton of coal in the 
retorts, and assuming that the coal loses SO per cent, of its 
weight, leaving consequently 70 per cent, of coke. In the 
old furnaces, with ordinary grates, containing eight retorts 
grouped in hatteries of sixteen furnaces, or more, working 
altogether, the quantity of coke consumed amounted to 
24i per cent, of the weight of the coal distilled. In single fur- 
naces, holding five, six, or seven retorts, the quantity of coke 
consumed amounted to from 80 to 85 per cent, of the weight 
of the coal distilled; and, in many instances, when the 
furnaces were out of order, to 50 per cent, of the weight of 
coal distilled. In the gas-furnaces applied by MM. MuUer 
and Eichelbrenner, heating five, six, and seven retorts, in 
single groups, or in pairs of groups side by side, the quantity 
of coke consumed as fuel amounted to 174 per cent, of the 
weight of -coal distilled. 

♦ See "Etudes stir la Combustion," by M. Fichet, in the " M^moiret 
de la Sod^t^ des Ing^nieurs dvils," 1874, page 670. 
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Thus, whilst in the ordinary furnaces, from 35 to 50 per 
cent, of the quantity of coke manufactured was consumed ; in 
the gas-fnniaeeBy the consumption did not exceed 25 per cent. 
The reason of the difference is, in some degree, to be traced 
to the diii'erence of the management of the furnaces. The 
ordinary furnaces were filled up with coke as iSur as possible, 
for the sake of making long intervals between the firings. 
Incomplete combustion resulted fi'om the accumulation of 
fuel, and carbonic oxide in large quantity was carried off by 
the chimney. The fires, on the contrary, were occasionally 
neglected, and got low ; admitted a large surplus of air, and 
so lowered the temperature. In* either case, the distillation 
within the retorts was inferior. It became better, when the 
fire was regularly maintained, though demanding, for this 
purpose, additional care. 

With the gas-furnace, such inconyeniences are avoided. 
The thickness of the bed of fuel traversed by the air being 
constant, it sufdces, once for all, to regulate the valves of the 
furnace to insure the regularity of the production of gas and 
of the supply of air, so as to avoid an excessive supply of 
air, and to maintain a uniform supply of heat. As the 
delivery-orifices for the gas are distributed throughout the 
length of the -furnace, and are adjustable at will, a regular 
and uniform temperature is produced in all parts of the 
furnace ; to attain which is a dij£culty with ordinary fur- 
naces, in which the heat is unavoidably more powerful at 
one part than at another. The furnace-doors need never be 
opened, and no currents of cold air can be admitted ; nor is 
there any chance of local accumulations of ash. As the fuel 
is charged only onee in eight or twelve hours, the economy of 
labour is considerable, whilst the labour is simple. By refer- 
ence to the illustrations. Figs. 119 to 121, it may be seen how 
these results have been obtained. Fig. 119 is a cross section, 
and Fig. 1*20 is a vertical longitudinal section of the furnace, • 
taken through one of the retorts. Fig. 121 is a vertical section 

M 2 
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of the gas-prodoceiy the position of which is shown in Fig. 120, 
behind the two fbmaees which are supplied by it, and between 

them. The producer, Fig. 121, consists of a hopper A as high 
as the furnace, having dimensions proportioned to the quantity 
of gas required in twenty-four hours. A step-grate, B, pUiced 




Kg. 119.— Qas Fnmaoes to Hhs Ifann&otiiie of Gm. 



at the lower part, prevents the fbel from felling out, and 

serves also for the admission of air. The hopper is com- 
pletely £lled with coke. This coke is in a state of combustion 
throughout the mass comprised between the grate and the 




71gl.l20«ndl21. 



orifices 7^, by which the gas is conducted into the furnace ; 
and the thickness of the bed of combustible so traversed is 
such that the oxygen of the aur, after having been transformed 
into carbonic acid, is converted into carbonic oxide, which, 

escaping by the openings h, is delivered into the conduit S, 
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placed in the axis of the furnace, at the lower part. The 
flow of the gas into the conduit is regulated by a damper. 

Through a number of openings in the upper part of the caniil 
Bf the gas is discharged into the furnace, and so forms a line 
of flame with the heated air, which is delivered from a pas- 
sage a, on each side of the canal, in directions inclined to 
and upon each stream of gas. The rising flame is bafiied by 
a horizontal slab erected above the openings from the canal 
S. The air for combustion is admitted into the passages 
controlled by dampers. It circulates in the thickness of the 
mason work or in metal pipes heated in the flues, prior to its 
being delivered into the furnace. 

The hopper is built of brick, with a lining of firebricks. 
It is closed at the upper end by a cast-iron plate luted with 
clay ; or the plate is formed with a flauge which lies in a 
groove filled with powder. The work of the stoker is to 
fill the hopper twice or three times in the twenty-four hours, 
and to clear the grate once a day. The proportions of the 
air and the gas are precisely adjusted by means of dampers ; 
and with the damper at the chimney, the temperature of 
the furnace is adjusted. When these three dampers are 
once regulated, they are not touched again so long as the 
fires are alight, which may continue for a year or more. In 
consequence' of the regularity of action, the durability of 
the retorts is improved, and the wasting of fuel is prevented. 
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CHAPTER XV. 



GAS-FUBNACES FOB STEAM-BOILERS. 

Many varieties of gas-fnrnace have been einpIo}'ed for 
heating steam-boilers ; and many have been forgotten. At 
the tobaoco factory of Gros-CailioU| the application of gas- 
funiaces to steam-boilers has been the subject of much 
practical investigation. 

M. Fichet, when he applied gas farnaces to steam-boilerSy 
under arrangements similar to those which had given so 
satisfactory results when employed for the manufacture of 
coal-gas, naturally expected similar success. But he was 
disappointed. By the rapid cooling of the flame in contact 
with the surface of the boilers, he was led to the adop- 
tion of producers very differently arranged, for the service 
of steam-boilers. When he used dry combustibles, and 
admitted a quantity of air very little in excess of the quantity 
chemically consumed in combustion, the flame was ex- 
tinguished when it came into contact w^ith the boiler, and 
the products of combustion proved, on being analysed, to 
consist of a mixture of free oxygen and carbonie oxide, with 
nitrogen and carbonic acid. 

The combustible gases supplied by rich coals, yielded 
smoke in addition; whereas smoke had never been pro* 
duced in the preceding applications. M. Fichct, therefore, 
entered upon a series of experiments with the object of 
studying the mode of the formation of smoke, with dif- 
ferent arrangements of producers and furnaces, guided by 
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the analyses of the prodacts of combustion more or less 
complete, and the observations of temperature made with 

the calorimeter. The result of his experimental observa- 
tions led him to the principle on which complete combus- 
tion was to be attained, trithout any excess of air mingled 
with the gaseous products of combustion. The enuncia- 
tion of the principle is but an echo of the £rst principle laid 
down by Mr. C. W. Williams. Still, it is gratifying to loam 
that M. Fichet should have distinctively arrived at the same 
conclusion by an independent course of experiment. The 
principle consists in intimately mixing, within an enclosure 
consisting of substances refractory at a high temperature, 
the combustible gases and the air, each of them having 
been divided into thin threads ; in permitting the combus- 
tion to be completed within this enclosure or combustion- 
chamber, and in preventing the contact of any but completely 
converted gases with the surfaces of the boiler. 

The application of the gas-furnace constructed on these 
principles, to an ordinary French boiler, at the iron works 
of M. Muiler, Ivry, is illustrated by Fig. 122. The 
heaters are 24 inches in diameter, and the boiler is 43^ 
inches. The heating surface amounts to 560 square feet, 
exclusive of that of the feed- water heating apparatus ; the 
producer, of a form different from that which has before 
been described, is placed in front of the boiler and below 
the level of the floor. The fuel is supplied through the 
box entrance at the top in quantities of 200 lbs. at a time, 
every hour ; and the cover is closed with a sand-joint. The 
box is so constructed that the charge of fuel may be de- 
livered without the chance of any reflux of gases through 
the openings when the pressure in the producer happens to 
be greater than that of the atmosphere ; or, on the contrary, 
of air being drawn in, when the internal pressure is less. 
It iSy in short, the charging-box ordinarily adapted to 
producers. The fuel falls, when the valve is opened, into a 



uiyiu^L-u Ly Google 



248 fuels: their combustion and economy. 

hopper where the temperature is not considerable, and 

where, for want of air, combustion cannot take place. Thus 
the fuel is dried and is gradually heated as it descends, 
until it arrives in a hotter region. When it has passed into 
the vault, it comes into contact with the hot gases in the 
lower part of the producer : it begins slowly to distil at the 
surface, at the same time falling gradually, until it arrives 
within reach of the air, when it is. converted into coke, 




Fig. 122.— Gas-ftirnace for Steam Boiler. 



under the pressure of the superincumbent load. During the 

descent and the progressive distillation, the small coal, 
which has been charged above, becomes agglomerated and 
yields a dense coke which does not go to pieces during 
combustion, and is nevertheless sufficiently porous to admit 
of the circulation of air. 

To obviate loss of heat by radiation through the grate, a 
swing-door is hung at the entrance for air, formed double, 
and perforated with air-holes through which air passes, and 
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by its circulation prevents the doors from becoming over- 
heated. 

As the fuel descends below the crown of the vault, it 
spreads outwards and downwards according to the angle of 
repose, the sides of the hopper being suitably incUned to 
facilitate the natural aetion of the fuel. The gases, as tbey 
are produced, ascend and are directed through an inclined 
opening into the chamber g under the boiler» the roof of 
which is constructed with flat pieces in fireclay, formed with 
grooves or interspaces, by which the gases ascend into the 
combustion-chamber ». The flow of the gases from the 
producer is regulated by the damper n When the produc- 
tion of steiun is to bo suspended for some time, this damper 
is completely closed ; so also is the damper for air. The 
gazogene may thus continue alight for several days ; and it 
may be restored to its usual state of activity in a few hours, 
when the dampers are reopened. The air for combustion is 
supplied by a pipe a, which passes through the exit-flue F to 
the chimney, and is heated in its course. It is delivered 
into a chamber a below the gas-chamber g, at each side of 
which it rises, when it passes to the combustion««hamber. 
The air receives additional heat in skirting the gas-chamber, 
and thus acquires a degree of ascensional force by which it is 
delivered with velocity through the orifices where ignition 
takes place. It may, therefore, be divided into thin streams, 
or jets, which meet the streams of gas arriving in another 
direction. Besulting eddies take place, which facilitate the 
mixture of the elements, by which complete combustion is 
accomplished. Tbo fuel is charged into the ho[»per every 
hour. The stoker hnds with satisfaction that the less the 
fire is touched, the better it goes. 

The boiler which was fitted with the gas-funiaco just 
described, lay alongside another boiler of equal dimensions^ 
heated with an ordinary grate-furnace. The comparative 
performances of the two boilers wer^ tested, using the same 
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qnality of eoal and the same quality of water. The coal 

was the bituminous coal of the north of France ; the regular 
evaporative performance of the boiler with the ordinary grate, 
amonnted very uniformly to about 6 lbs. of water per pound 
of coal — slightly less than that. The gas-famace boiler was 
found, by long and careful trial, to evaporate from 8 60 lbs. 
to 9*20 lbs. per pound of coal — say, an average of 8*90 lbs. 
This result shows an augmentation amounting to 48 per 
cent, of evaporative efiiiciency; otherwise, an economy of 




Fig. 123.— Oas-ftonaoe for an Intenialljr Bred Boiler. 



82 per cent, for eq^ual quantities of water. The coal was con- 
sumed in the gas-furnaoe at the rate of 84 lbs. per hour : the 
heating surface of the boiler amounted to 559 square feet. 

The temperature of the products of combustion in the flues, 
after having passed the feedwater-heaters, varied from 400^ 
to 600* Fahr. 

In applying the gas-furnace to internally fired boilers, it 
was foreseen by M. Fichet, after his experience with the 
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ordiDary French boiler, that special precautions must be 
taken to provide against the premature cooling of the gases, 
and the extinotion of the flame. The arrangement whieb 
ho employed is shown in Fig. 123. The gazogene is 
placed, as for the previous boiler, in front and under the 
level of the groond. The gas is delivered into a passage 
provided with a damper, whence it passes into the firebrick 
combustion-chamber C, which is constructed within the Hue- 
tnbe at one end. The onter end of the combustion*chamber 
is provided with an inclined door, lined with firebrick, and 
pierced with a number of holes, into which numerous iron 
tnbes are fixed, open at both ends, through which the air 
for eombnstion is admitted into the chamber 0* The tnbes 
act as nozzles, through which jets of air are blown into the 
body of combustible gas, setting up very active combustion. 
The temperature for combustion is maintained by the fire- 
brick lining, so that the combustion is completed before the 
fiame can touch the surface of the metal. It is sometimes 
found of advantage to raise a perforated firebrick wall or 
diaphragm at the inner end of the firebrick chamber, sub- 
stituting, at the same time, two long vertical sheets of air 
through the door, for the multitubular jets. The products 
ot combustion, after eirculating round the boiler, pass off by 
the flues / and F, to the chimney. 

M. Fichet states, as the result of numerous observations, 
that in the gases supplied by the gazogene, there are fre- 
quently not any traces of carbonic acid, sometimes A per 
cent., rarely 1 per cent. In the gaseous products of com- 
bustion, there is not a trace of free carbonic oxide, and often 
there is not a trace of free ox} gen. But for the strongly 
bituminous coals, it is necessary to admit an excess of 
oxygen, of from 1 to 1^ per cent., to ensure the complete 
absence of smol^e. This proportion of free oxygen repre- 
sents an excess of air amounting to from 4 to 6^ per cent. 
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CHAPTER XVI. 
DECOMPOSITION OF FUEL IN GAZOGENES. 

Coals, — ^It has been stated that the air arriving in contact 
ivith the incandescent fuel next the grate, produces at first 
carbonic acid, represented symbolically as C 0' ; and that in 
passing through the bed of fuel, more or less coked, the 
greater part of it is converted into carbonic oxide, C 0. The 
thickness of the bed of coal shonld be sufficient for effecting 
this transformation, at least nearly completely; it should be 
greater where the passage through is the easier, since the 
8ur£Eices of contact are less. But however favourable the 
conditions may be, the gas always contains a fraction of car- 
bonic acid ; for the conversion from the acid into carbonic 
oxide is never completely effected. In the laboratory, it is 
true, the transformation of the whole of the carbonic acid 
may be effected ; but that is only accompli^shed after a very 
prolonged action of the gaseous element upon the carbon, 
which acts only at the surface. 

The combustible gases contain not only carbonic acid and 
carbonic oxide, but also hydrogen and hydro- carbons, for, in 
the decomposition of coals by the application of heat, these 
gases are always disengaged. Nitrogen, of course, is present, 
from the air, and also from the coals ; and oxygen also, when 
the thickness of the bed of fuel is insufficient, indicating the 
passage of free air. 

Coke^ Charcoal^ FeaU — M. Felix Leblanc gives the following 
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analysis of the combustible gases prodaeed from eoke, in 
the Siemens process. 

Siemens Genbbator. Coke. 

Carbonic oxide 26'0 por cent. 

Carbonic acid • • • • • 4 ■ 5 

Nitrogen 67-o „ 

Oxygen 0-5 ,t 

Hydrogen .«•••• not observed. 

• M. Ebelmen's analyses of charcoal gasef?, taken from char- 
coal gazogenes, are as follows : The ^st is an average analy- 
sis of samples taken from a close generator, supplied with a 
blast of dry air. The second is an average analysis taken 

from the same foinace supplied with air and water-vapour. 



Ebelmbm'b Gazooenb. Charcoal. 





Dry air. 


Airanditeam. 


Carbonic oxide • . • 


33-3 


27-2 


Carbonic acid • • • 


0-5 






63-4 


63-3 








TTy drop-on .... 


2-8 


140 


By volume . , . 


100-0 


1000 



It is to be remarked that the first of these analyses, with 
dry air, closely approximates to the exact chemical pK > por- 
tions for the entire conversion of carbon into carbonic oxide, 
without any carbonic acid, which are : — 

34} per cent, of carbonic oxide 

66| „ nitrogen 

100 

For peat, the production in the gazogene is imperfect ; 
there is a large proportion of carbonic acid 
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Bonnid Chtfogene. 


Ebelmen's Analyns. 




1 


2 


3 


4 


Carbonic oxido . , 


21 


23 


22-63 


21-04 


Ciirbonic acid . . , 


11 


9 


7 32 


10-79 


Nitrogen .... 






6413 


68-81 


Hydrogen, Ac. • • 






6-92 


9*36 



In No. 1 of these analyses, the peat held 50 per cent, of 
water. In No. 2 the peat held 28 per cent, of water. The 
peat employed for Nos. 1 and 2 was analysed after having 
been desiccated with the following result 

Volatilised matter 58-5 

SoUd matter (including 8 per cent, of ash) • 41*5 

looT 

For Nos. 8 and 4, the peat was air-dried, and contained 

18 per cent, of water. 
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IKON FURNACES.— OiiDlNAliY lEON FUHNACES. 

The old puddling furnace, illustrated by Fig. 124, consists 
of a reotangolar stracture of iron plates, nearly 6 feet high, 
6 feet wide, and 12 feet in length, lined thronghont with 
firebrick. The fireplace or grate is at one end, about 3 feet 
square, and is separated from the hearth of the furnace by a 
brick bridge. The hearth is six or seven feet long, and 8^ 
feet wide at its widcist part. It rests on a cubt-ii'on bottom 
plate, which is nearly on a 
level with the fire-grate, and is 
covered with oxide of iron, or 
** fettling." The hearth is arched 
over, so that the heat may be 

reverberated or radiated from 

the arch upon the metal. The i^»*-oid Puddling Fu»«». 

farthest end of the furnace is contracted to 18 inches in width, 
forming the fine leading to the chimney, which is from 85 to 

40 feet in height, and is fitted with a damper at the top. The 
fdmace is arched over with brickwork, and, to prevent the side 
from being thmst ont by the expansion of the heated bricks, 
the side plates are tied together with a number of iron bolts, 
to receive and resist the thrast of the arch. A working 
doorway is made in one side of the body of the ftimace, the 
bottom of which stands at eight or ton inches above the 
level of the hearth. The door is moved vertically by a 
balanced lever. 
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Great improvement has been made in the construction and 
the ef^ciency of furnaces both for puddling, and for heating, 
or re-heating, iron. In relation to the economieai prodac- 
tion and application of heat, they may be ranked in three 
classes : the improved furnaces, substantially of the old type, 
comprising a fire-grate, a hearth, and a chimney ; the gas- 
furnace, in which the fuel is converted into eombnstihle 
gases prior to its being burned for the development of heat 
in the furnace ; and the gas-famace, in which the heat re- 
maining in the departing prodncts of combustion, is in a 
greater or less degree utilised for superheating the combus- 
tible gases and heating the air, before they are brought into 
combustion. 

The quantity of coal consumed in ordinary single puddling 
furnaces, in the north of England, averages about 24 cwt. 
per ton of puddled iron produced from the furnace; pig 
iron being treated in charges of 4^ cwt. or 5 cwfc. at a 
time. In the old single furnaces at Round Oak Iron Works, | 
and at other places in Staffordshire, 30 cwt. of screened 
slack is consumed per ton of puddled iron ; the weight of 
the charges of pig iron being 4i cwt. The production of 
iron amounts to about 2^ tons in 24 hours. In double 
furnaces, the quantity of fuel consumed is less by 5 cwt. per 
ton of iron produced, and it is well ascertained that the 
greater the charge, the less fuel is required per ton of iron 
produced. The average waste of Staffordshire pig iron in 
the furnace amounts to 7i per cent. At the Royal Gun ' 
Factory, Woolwich, the consumption of unscreened Gawber i 
Hall eoal, from Yorkshire, is in the ordinary puddling furnaces 
from 23 i cwt. to 15 cwt. for charges of pig of from 5 cwt. 
to 15 cwt. Here, there is the usual reduction of fuel in 
proportion as the charges are increased. Of the gross 
weight of the charge of pig iron at Woolwich, 95 per cent, 
is produced as puddled iron — showing a loss of 5 per 
cent i 
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In heating, or re-heating, furnaces, for raising wronght 
iron to a welding heat, less fuel is eonsnmed, as may be 

easily understood, than is necessary for puddling an equal 
weight of iron. Ordinary re-heating furnaces in South 
Wales, employed for heating rail-piles, consume 8 cwt. of 
coal per ton of iron. At Woolwich, in ordinary furnaces, 
working day-shift only, 9i cwt. of coal is consumed per 
ton of iron, and when worked day and night continuously, 
8 cwt. of coal is consumed. 

To form an estimate of the quantity of heat generated, 
and the proportion in which it is distributed : — ^Ihe total 
heat of combustion of 1 lb. of coal of average composition is 
14,133 English units ; the weight of the gaseous products of 
combustion is 11*94 lbs. ; and the specific heat of these gases 
taken together is '246. The quantity of heat required to 
raise the temperature of the whole of these gases 1° Fahr. is 
(11*94 X '246 =) 2*1)35 units; and the temperature of 
combustion, supposing the initial temperature to be 62^ Fahr., 
is (14133 2-935 = 4816) -f G2° = 4877° Fahr. But, in 
practice, this tempcriiture is not reached, as an allowance is 
to be made for the inevitable surplus of free air which ac- 
companies the products of combustion, and it may be taken 
at one-half of the quantity of air that is chemically con- 
sumed for the complete combustion of the coal. The weight 
of the surplus air is, then, 5*86 lbs., to be added to the 
weight of the burnt gases, 11*94 lbs., making altogether 
17'29 lbs. per pound of coal consumed. The mean specific 
heat of this mixture is *248, and the quantity of heat re- 
quired to raise its temperature l*Pahr. is (17' 29 x '243 =) 
4*207 units. Dividing the total heat of combustion of 1 lb. 
of coal by this product, the quotient (14188 h- 4*207 =) 
8359*^ Fahr. is the temperature of combustion in the furnace, 
above 62° Fahr. ; or, in all, 3421" Fahr. Here is an 
example of the influence of the admixture of free air in 
lowering the maximum temperature attainable ; for, instead 
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of the possible maximum, 4877° Fahr.y the aciaal maximum 
may not exceed 8421*^ Fahr* 

To determine now, in the first place, the quantity of heat 
absorbed by the metal under treatment, in the furnaces : — 
In the puddling furnaee, the cold pig-iron is raised in 
temperature to the melting-point, which is, say, 2,000** 
Fahr., and melted. The quantity of heat expended in both 
these operations, taken together, was determined by M. 
Clement ; it was equivalent to 504 English units per 
pound of pig-iron, at the temperature attained in a blast- 
furnace. The heat absorbed in melting one ton of pig-iron 
therefore amounts to 2240 X 504 = 1,128,960 English 
units ; and the quantity of coal which generates this quantity 
of heat in complete combustion, taking the quantity of heat 
generated per pound of coal as 14,188 units, is therefore 
(1128960 -i- 14183 =) 79-9 lbs.— say 80 lbs. That is to say, 
the net quantity of heat absorbed by one ton of the melted 
iron is that which is equivalent to the heat of combustion of 
80 lbs. of coal. 

But this is not all : after the iron has been melted, it is 
puddled, and ultimately becomes wrought iron; the con- 
stituent heat of which at high temperatures is greater than 
that of cast iron. Taking the temperature at 2900° Fahr., 
something over the temperature of welding heat, with the 
specific heat, '185, the heat contained in one pound of 
puddled iron in the furnace is 536*5 units ; and in one ton 
the total quantity of heat contained is (2240 lbs. x 586*5=) 
1,201,760 English units, for the generation of which the 
quantity of coal required is (1,201,760 -i- 14133 =) 85 lbs. 
Evidently, this is the maximum estimate that can be made of 
the heat of the coal, actually utilised, since there is a con- 
siderable quantity of beat generated by the combustion of the 
carbon driven off firom the pig-iron; which, whatever be its 
function, is not now taken into account, though it would 

• See " A Manual of Rules, Tables, and Data," 1877, page 497. 
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lead to a rednctioiii to some extent, of the quantity of coal 
required. 

Adopting, then, the quantity, 85 lbs., of coal as the net 
quantity utili&ed per ton of puddled iron, — ^not making any 
allowance for small loss of weight, in the conversion of the 
iron ; and taking the total coal consuined as 18 cwt. or 
2016 Ihs. per ton, in ordinary doable furnaces, the effi- 
ciency of the furnace, measured in terms of the fuel thus 

ntilised, amounts to (—2010^ = ) ^'^^ ^^^^y 
4i per cent. 

In the heating furnace, although the process consists simply 
in heating wrought iron up to the welding point, it may be 
taken that the heat absorbed by the metal is the same as 
that absorbed in the puddling furnace, represented by the 
combustion of 85 lbs. of coal of average composition. The 
total quantity of coal consumed is 8 cwt. or 896 lbs. per 
ton of metal ; and the efficiency of the furnace amounts to 

5^ = 9-49 per cent.— say 9^ per cent 

The heat which is carried off by the burnt gases must 

necessarily form a large proportion of the total heat which is 
gee crated. As the melting-point of wrought iron is about 
2900° Fahr., it may be assumed that the temperature of the 
passing gases, as they escape from the puddling furnace, is 
at least as much as that. If the interior of the chimney bo 
examined through an aperture, situated, say, half-way up, it 
may be seen that bright red heat, or even white heat, is 
usually maintained. From the datum, 2900^^ Fahr., the 
quantity of heat carried o& for each pound of coal consumed 
is ascertained by multiplying it by 4*207, the number of 
units of heat in the escaping gases per 1^ Fahr., and is equal 
to (2900 X 4-207 =) 12,200 units per pound of coal. Thus 
(2016 lbs. X 12200 -h 14183 =) 1740 lbs. is the quantity 
of coal of which the total heat of combustion is equal to the 
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quantity of heat escaping from the puddling furnace, and it 
amounts to (1740 x 100 -s- 2016 s=) 86 per cent, of the 
total coal consnmed. 

In the heating furnace, it is certain that the temperature 
of the escaping gases is lower than that in the paddling 
fomaee. According to observations to be afterwards noticed, 
it may be inferred that there is a dilierenee of probably 
600® Fahr. ; from which it follows that the temperatore 
may be taken at (2900** - 500** =) 2400** Fahr. The num- 
ber of nnits of heat in the escaping gases is equal to (2400 
X 4*207 = ) 10097 units per pound of coal. The coal 
consnmed per ton of iron heated being 8 cwt., or 896 lbs., 
in the heating fnmace, the quantity of coal of which the 
total heat of combustion is equal to the quantity of heat 
escaping in the gases, is eqnal to (896 lbs. x 10097 
14188 =r) 640 lbs., amounting to (640 x 100 -i- 896 =) 
71 per cent, of ilie total coal consumed. 
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UTILISING THE WASTfi HEAT OF ORDIKAEY IBON 
FUBNAGES BT GENEBATING STEAM. 

Thb large proportions of heat whieh pass off in the spent 

gases of iron furnaces, are partially utilised in heating boilers 
for the generation of steam. The emplojrment of the gases as 
a means of raising steam is sonnd in principle, since a higher 
temperature than 500"" or 600° Fahr. is not required for in- 
ducing the maximum intensity of draught in a chimney. It 
has heen estimated that, for the production of the steam con- 
sumed in the manufacture of wrought iron by the independent 
application of heat, with economical stoking, 4 cwt. of coal 
would be required per ton of finished iron produced. Con- 
sidering that at least 25 cwt. of coal is consumed for 
puddling and re-heating per ton of finished iron, an appro- 
priation of the heat of 4 cwt., or about one-sixth of the tolal 
coal consumed, does not appear to be excessive. On the 
contrary, it is probable that the proportion of the total heat 
generated, utilised in generating steam, is greater than what 
is represented by 4 cwt. of coal. The probability of such 
an assumption is supported by the results of very careful 
observations made at large ironworks in the north of li'rauce, 
cited by M. Ponsard. One pound of the coal burned on the 
grates of re-heating furnaces yielded 2i lbs. of steam from 
the horizontal boilers heated by the waste gases. This was 
the average of many observations. In another series of 
observations, 1 lb. of coal yielded 2*69 lbs. of steam. 
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Again, it is generally admitted, in a metallnrgical district 

referred to by M. Ponsard, that 25 horse-power is yielded 
by welding fonaees eonsnming from 1,200 lbs. to 1,800 lbs. 
of eoal in 24 honrs ; and, asenming that 40 lbs. of steam be 

consumed per horse-power per hour, there would be a total 
consumption of steam equal to (40 x 25 x 24 =) 24,000 lbs. 
fOT 24 boors, which wonld be at the rate of (H^ 2 lbs. 
of steam per pound of coal consumed. In another district, 
where vertical steam-boilers are employed, it is said that 
8 lbs. of steam are prodnoed per ponnd of coal. 

Taking the first of the three data first given, 2^ lbs. of 
steam yielded per pound of coal consumed in the furnaces, as 
a fair average, it may be compared with the average eva- 
porative performance of 1 lb. of eoal burned under a steam- 
boiler, say, 7i lbs. of water. The comparison shows that 
the effective economy by the utilisation of the waste beat in 

21 = 

raising steam amounts to i of the total fuel burned in 

the iron furnaces. 

The distribution of the fuel representing the heat of com- 
bustion, according to the foregoing determinations, is tabu- 
lated as follows : — 





Puddling ftunaoe. 


Heating ftarnam. 


Difltribution. 
Dircc tly utilised, absorbed | 

Kutrieved by generating steam 


owts. 
•75 

6-00 


per cent. 

*i 

33 


vwIb. 

•75 
267 


percent. 

n 

33 


Total fuel utilised . . 


675 


37i 


3-42 


42^ 


Lost by the chimney . . . 
Lost by radiation and con- \ 


9-54 
1-71 


53 

^ 


3-04 
1-54 


38 
19J 


Total fuellost . « • . 


11 '20 1 6'2^ 


4-58 


67J 


Total fiiel oonsumdd . • . . 


18-00 


100 


8*00 


100 
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From this table it appears that, taken generally, ordinary 
double iron-furnaces for puddling and heating with large 
charges, atilise, in heating the iron and generating steam, 
about 40 per cent, of the total heat of combustion of coal, 
and that 60 per cent, is wasted. Here is a wide margin for 
progress in eflSeieney ; and much has already been done in 
reducing the oonsumption of faeL 
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IRON FURNACES IN WHICH WASTE HEAT IS UTILISED 

BY HEATING THE AIR. 

Attempts were made, as early as in 1850 or 1851, to econo- 
mise the waste heat of furnaces by heating the air for com- 
bustion, and it is obvionsly the best and most direct method 
of retrieving the inevitably departing beat. By thus raising 
the temperature of the air supplied for combustion, the tem- 
perature of combustion is likewise raised. It may be assumed 
that the heat of combustion is increased by the quautity of 
beat imparted to the entering air ; and that, approximately, 
the effective work of the heat of combustion is increased in 
the same ratio. Mr. Prideaux, page 204, has shown reason 
for supposing that the efiective work is augmented in a 
greater proportion than the simple augmentation of tempera- 
ture and heat. But it is well to assume an equal ratio only, 
for the losses by conduction and radiation are likely to be 
augmented with the temperature. 

Suppose, for example, that the temperature of the in- 
coming air is increased by 600° Fahr. To find the quantity 
of heat absorbed in raising the temperature, the speciJtic 
heat of air at constant pressure is '2877: such that 1 lb. of 
air raised 1° Fabr. in temperature, absorbs -2377 unit of 
heat, or nearly a quarter of a unit. The quantity of beat 
absorbed by 1 lb. of air for 600** rise of temperature is there- 
fore (-2377 X 500 =) 119 units. The quantity of air 
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ehemieally eonsnmed for the complete combnetion of 1 lb. 

of coal of average composition, is 10*7 lbs.; and, when the 
Boiplas air admitted to the furnace amounts to one-half of 
the air that is chemically consumed, the total quantity used 
is (10-7 X li =) 15-85 lbs., say 16 lbs., per pound of fuel. 
The quantity of heat absorbed by the air per pound of fuel, 
therefore, is equal to (119 x 16 = ) 1,904 units for a rise 
of 600° Fahr. of temperature; and this is the additional 
heat of combustion supplied. Now the heat of combustion 
actually generated in the combustion of 1 lb. of coal is 
14,133 units ; so here is a clear addition of 1,004 units, or 



signification of which is that 1 cwt. out of 8 cwt. of coal 

may thus be saved. 

If, similarly, the temperature of the incoming air be raised 
1,000^ Falur., the heat so retrieved would amount to 

(•2377 X 1,000 =) 238 units per pound of air, or (238° 
X 16 =) 8,80d units per pound of fuel, or 27 per cent, of 
the total heat of combustion, which would be equivalent to 
a saving of one out of every 5 cwt. of coal. 

Applying these proportions of saving to the normal con- 
sumptions for puddling and heating furnaces, they could 
thus be reduced from 18 cwt. and 8 cwt. respectively, to 15J 
cwt. and 7 cwt., for a rise of 500° Fahr. of temperature of 
the incoming air by the absorption of waste heat ; and to 
14^ cwt. and 6i cwt. for a rise of temperature of the air, of 
1,000° Fahr. 

But there is a distinct and important means of economy 
in the substitution of fuel in the gaseous state for fuel in the 

solid state. The economy may proceed from two sources : — 
by the facility for adjusting the quantity of air admitted to 
the chemical requirements, with a very small stirplus ; and 
by the facility for effecting the combustion in the locality 
where the heat is required to be absorbed, instead of the 




13*4 per cent., or about one-seventh, the 
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locality of a grate, which is more or less distant from the 
locality for the osefui absorption of the heat. 

WiUi regard to the first source of economy — ^the minimis- 
ing of the quantity of surplus air necessary for effecting the 
complete combustion of the fuel, — coal, — there is reason for 
believing that, under proper regulation, the needful surplus 
may not exceed 10 per cent, of the quantity chemically con- 
sumed. The temperature of the products of combustion 
must be relatively higher, and it may be calculated in terms 
of the specific heat of the mixture. There are 11*94 lbs. of 
burned gases from 1 lb. of coal, having the specific heat •240. 
The surplus air is 10 per cent, of 10*7 lbs., the weight of air 
chemically consumed, or 1*07 lbs., of which the specific heat 
is '2377. From these data, the specific of the mixture is thus 
obtained : — 

lib. ofooaL Weight. 8p.lieat. TTnite. 

Burnt gases • • . 11-94 lbs. x '246 = 2'935 per r Fahr. 
Air 107 „ X -^377 = •264 „ 



The quantity of heat to raise the temperature of the mixed 
gaseous products, is 8*189 units, and the temperature of 
combustion amounts to (14,183 -4- 8-189 =) 4,432° Fahr., 
above, say, 62°. Now, the temperature of combustion of the 
gaseous products, which contained 60 per ceni excess of 
air, was found to be 8,859*" Fahr., above, say, 62^ Fahr. ; 
which is now exceeded by the higher temperature in the 
ratio of 8,859'' to 4,432°, or 1 to 1*32 ; that is to say, the 
gain of temperature is 82 per cent., or one-third more. If 
the useful performance be in the same proportion, the same 
quantity of puddled iron would be produced by a reduced 



consumption of yf:^ ^) 

cess of air of 50 per cent., making a saving of 25 per cent. 
Applying this reduction to the normal consumptions for 



13*01 



X -245 = 3*1S9 



n 
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puddling and for heating furnaces, 18 cwt. and 8 cwt., these 

would be reduced to 13^ cwt. and 6 cwt. respectively. There 

iSf in addition, an economy, already pointed out, arising from 

the preliminary heating of the air by the waste heat ; but 

the economy from this source will be less than it was before 

calculated, since the quantity of air to be heated per pound 

of coal is now less. The quantity of air per pound of coal, if 

there be only 10 per cent, in excess, is (10*7 lbs. + 1*07 lbs. 

=)11*77 Ibs.9 or, say, 12 lbs., and as 119 units of heat are 

absorbed per pound of air in raising the temperature 500*^ 

Fahr., the total heat so applied amounts to (119 x 500=) 

. . r . . /1,428 X 100 \ 

1,428 units per pound of coal, or to I — = y 10 per 

cent, of the total heat of combustion of 1 lb. of coal. This 
is equivalent to a saving of 1 cwt. out of 11 cwt. of coal, or 
9 per cent. 

But, if the air be raised 1000** Fahr. in temperature, the 
heat absorbed by the air would amount to 2856 units, or 
20 per cent, of the total heat of combustion of 1 lb. of coal : 
equivalent to a saving of 1 cwt. out of every 6 cwt. of coal, 
or 17 per cent. 

Combining the two economies thus estimated, by a process 
of compound reduction, the ultimate reduced consumptions 
are given :— 

Eeduced con- Reduced con- 
sumption of ooaL sumption of ooaL 

per cent. per oeat. 

Rurplus air reduced to 10 per cent. . 75 76 

Kntering air heated 600° 1000° F. 83 

Ultimate reduced fuel oonsimied . . 68 62 



Showing that, by the combined influence of the reducing of 
the surplus aur, and the heating of it by the waste heat, in 
the given proportions, the consumption may be reduced to 
about two-thirds, more or less. Accordingly, the normal 
consumptions of coal, Id cwt. and 8 cwt., for puddling and for 

k2 
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heating furnaces respectively, may thus be reduced to about 
12 cwt, and 5 ewt. : estimatefl the reasonableneBB of which 
has been amply demonatrated by experience. 



P SECTION ON LINE A.B. 




SigB. 126.— The BoetiuB Heating Funisot. 



Mr. J. F. Boetins patented, in Angnst, 1865, a system of 

gas-furniice for raelting glass, heating iron, and other pur- 
poses for which a high temperature is required. The furnace, 
in one of its forms, is illustrated by Figs. 125, 126. Here tho 



Ly Google 



FURNACES HEATING THE AIR BY WASTE HEAT. 269 




ordinary gas-furnace, with sloping hearth and grate, is em- 
ployed. The side walls and the roof of the generator are 
sorroimded by air-passages, thxoogh which the air used for 
combustion is passed. The air 
enters by an opening in each 
side of the asL pit, and ascends 
through subdivided passages, 
meeting in the passage over 
the crown of the generator, 
whence it is delivered at the 
bridge in an inclined direction, 
so as to impinge upon and mix 
with the combustible gases, 
as they enter the furnace. The 
effect of the evidence on the 
performance of the Boetins 
furnace, when employed for 
glass melting, is clear on the 
fact of economy of fael in 
quantity, and of the facilities 
afforded for the employment of 
fuels of inferior quality. The 
saving of fuel, according to the evidence, ranged from 
15 to 80 per cent., by the substitution of the gas-furnace 
for the old fire-grate furnace. This proportion of economy 
is quite in harmony with the general evidence of the superior 
efficacy and economy of gas-fuel compared with the soUd 
coal used directly ad fuel : — an economy which is due, 
first, to the facility for intimately mixing the combustible 
gases and air, and thus reducing to a very low margin 
the surplus of air required for the accomplishment of 
complete combustion ; secondly, to the facility for gene- 
rating the heat in the place where it is to be absorbed, — in 
contact, practically, with the object to be heated; and 
thirdly, to the preliminary heating of the air suj^lied for 



Hg. He*— The Boctios Heating 
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combastion. It does not appear to what degree the air is 

heated ; but a comparatively small rise of temperature has 
been found to make a considerable difference for the better, 
in the action of the fdmaee. 

Mr, Bicheroux, in May, 1872, patented a modification 
(Figs. 127) of the Boetius gas-furnace, in which the grate of 
the generator is made wider and shallower than in the 
Boetius furnace ; there is a less amount of heating surface 
provided for heating the air ; and, notably, an intermediate 
mixing ehamber is introduced between the generator and the 
fomace or heating chamber. This ehamber operates benefi- 
cially in promoting the intermixture of the combustible gases, 
prior to their meeting with the supply of air for combustion, at 
the entrance to the heating chamber. M . J. de Macar * gives 
the comparative results of performance of the old puddling 
furnace, the Boetius furnace, and the Bicheroux furnace, at the 
iron-works of MM. Piedboenf and Bisenios, at Dosseldorf. 

OLD FUBNAGK 

8 charges of 4^ cwt 36 cwt. 

Consumption of coal per ton 20 cwt. 

Waste, 12 to 13 per cent. 

BOETIUS FURNACE. 

S chazges of S^ cwt. in 12 hours • . 62 cwt. 

ConBainption of coal per ton 13f cwt. 

Waste, 8 to 10 per cent. 

BICHEBOUX FU&NACE. 

S charges of 8 cwt. in 12 hours ... 64 cwt. 

GoBBumption of coal, per ton 12 cwt. 

Waate^ 9 to 10 per cent. 

The " Newport furnace " was first erected and developed 
at the Newport Rolling Mills, at Middlesborough, about the 
year 1870. It is, for the most part, an ordinary fomace with 
an ordinary grate. The peculiar principle of the furnace 

• Jtevu0 Unvfertelk d€$ Mines. Tome I, 1877 ; p. 205. 
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consists in the employment of jets of steam to indaee a blast 

of air for the supply of the furnace, and the heating of 
the combined carrent on its passage to the furnace by the 
heat of the gases in the chimney. The blast is delivered 
into a closed ash-pit, at the temperatnre 550^ Fahr., ac- 
cording to the results of experiments made by Mr. Jeremiah 
Head.* He commnnicatedi in 1872, the relative perform- 
ances of the old pnddling fiimaces, and the Newport fnmace, 
at the Newport Works, which averaged as follows : — 

OldFmnaM. Neivpoct Fiotnmoe. 

Coal consumed per ton of puddled bar, 

for long periods 24| cwt. 12*8 cwt. 

Fig iron per ton of paddled bar • • * 20*62 „ 20*7 » 

These results show a saving of nearly one half of the coal, 

and the saving is attributable to the united economy de- 
rived from the use of heated air, and to the reduction of the 
quantity of air necessary approximately to that which is 
chemically consumed in effecting complete combustion. Mr. 
Head measured the quantity of air admitted : the measure- 
ment appeared to show that the exact supply chemically 
necessary had been admitted, and no more; Indeed, he 
had some difficulty iu measuring up or proving the whole 
of the necessary quantity. It may be admitted that the 
steam which was injected with the air took some part in 
the combustion ; — being decomposed, in the first instance, 
into its elements, hydrogen and oxygen, of which the 
oxygen, in the second instance, took up an equivalent of 
carbon, forming carbonic oxide, to be ultimately converted 
into carbonic acid. 

Mr. Head observed that the temperatures of the burnt 
gases in the chimneys of an ordinary furnace and a New- 
port furnace, working under precisely similar circumstances, 
were respectively 2,0^8'' Fahr. and 1,577° Fahr., showing a 

* See ;^rr. Head's paper " On the N(!wport Puddling Furnace," in 
The Journal 0/ the Iron and Steel Imtitute^ vol. i, 1872, page 220. 
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reduction of 456° Fahr. in the Newport furnace : correspond- 
ing fairly with the raising of the iemperatnre of the ingoing 

air 500° Fahr., especially if the respective ppecific heats of 
the burnt gases and the air be taken into account. 

Again, the waste heat of each furnace was partly utilised 
in generating steam in a boiler. J5y the gases from the 
ordinary furnacOy 20*4 cubic feet of water per hour was 
evaporated into steam of 50 lbs. pressure; by the gases 
from the Newport boiler, only 10*1 cubic feet of water per 
hour, at 180° Fahr., was evaporated into 50 lbs. steam- 
evidence that the air-heating stove had been doing its work. 

At Blaenavon, where the Newport furnace had been at 
work since 1870, the consumption of coal-slack amounted to 
14^ cwt. per ton of puddled bar. Messrs. Jones Brothers 
report, as the result of a month's comparative trials, that, in 
their Newport furnaces, \ cwt. of coal was consumed per 
ton of puddled iron ; whilst, in the ordinary furnaces, 24 cwt. 
was consumed. The grate-bars, it is stated, lasted one- 
third longer time in the Newport furnace. 

In the Casson-Dormoy puddling furnace, which was intro- 
duced in 1872 — ^78, it was attempted to perfect the mam 
features of the old reverberatory puddling furnace of Cort, by 
intensifying and concentrating its action, and reducing the 
working cost. In this furnace, which was double, shown in 
longitudinal section, Fig. 128, the fire-grate was long and 
narrow, reaching alongside the bed ; thus the locality in 
which the heat was generated was brought up as dose as was 
practicable to the bed. The bed consisted of a cast-iron 
basin or dish, resting on a number of iron friction-balls laid 
in a cast-iron pan containing water. The basin easily 
adjusted itself on the balls for expansion and contraction ; 
and it might also, when required, be turned about to change 
its position in order to ensure equable tear and wear. Beyond 
the bed, there was a supplementary hearth, on which the 
pigs were deposited and heated nearly up to melting-point, 

N 3 
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by the heat of the spent gases passing over them on the way 
to the chimney. 

The grate was 5 feet 10 inches- long by 1 foot 10 inches 
wide. It was fitted with a cast-iron plate of the full width 
of the furnace, which sloped upwards to the bridge at an 
angle of dO^. The back part of the grate also sloped up- 
wards, and it consisted of cast-iron lire-bars laid close to- 
gether. The bottom or lower grate was horizontal, and 
consisted of ordinary round or square bars. The fireplace, 
thus, had the form of a trough laid alongside the bridge. A 
blast of air was admitted through each side into an air-tight 
ash-pit, below the grate. The sloping back was cooled by 
the air-blast, and thus the formation of clinkers was pre- 
vented. Pig iron was charged in loads of 10 cwt. at a time. 
By the employment of a blast, under control, either an oxi- 
dizing or a reducmg flame could be produced at will; whilst, 
with the peculiar form of grate, screened-slack might be used 
instead of forge-lumps. The consumption of coal amounted 
to 18 cwt. per ton of iron produced ; and 6 tons of iron 
were produced in 24 hours. This performance was certainly 
an improvement on Uiat of the primitive furnaces with small 
charges ; but it was due, for the most part, to the adoption 
of comparatively heavy charges. In otber ftumaces of the 
ordinary construction, — those at Woolwich, for instance, — as 
high a degree of efficiency of the fuel had been obtained : 
with fuel of a better quality, perhaps, than that used in the 
Casson-Dormoy furnace.* 

After three or four years of work, this furnace was im- 
proved by substituting for the grate a gas-producer, the 
invention of Mr. Smitb-Cassou, which was started at Bound 
Oak Works in July, 1876. 

The producer is supplied by a blast of air from below, 
as shown in the figure. The aur is previously heated to 

* See a detailed account of the OasBon-Dormoy furnace in the 
Joumaio/the Iron and 8Uel InUituUf 1876, page 109. 
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some extent before it enters the ash-pit, by being led over 

the surface of the nearest stack. The coal used is screened 
slack ; it is filled into a hopper, and gradually worked down 
into the producer by a revolving ratchet-wheel. Air for pro- 
ducing combustion is conducted above, below, and over the 
sides of the gazogene, and is partially heated when it arrives 
at the entrance to the furnace, where it meets the combostible 
gases. Briefly, the main features of the furnace are the 
application of gas and hot blast combined to the puddling of 
iron. It does not clearly appear what the consumption of 
fuel amounts to; bnt it is stated, on apparently good 
authority, that one ton of puddled iron is produced by the 
consumption of 12 cwt. of rough Staffordshire slack. In 
Mr. Oas8on*s furnace, there is instance of the superior 
efficiency of the gas-furnace worked with heated air, com- 
pared with ordinary grate-furnaces. 

The evidence in favour of the employment of heated air, 
fis well as of heated fuel, gaseous and solid, for efficiency 
and rapidity of action, is incontestable, in view of the re- 
markably good performance of Mr. John Price's retort* 
furnace, in which the air and the fuel are both heated by 
the waste-heat from the furnace, prior to their entering into 
combustion. Several of Price's furnaces have been at work 
at the Royal Gun Factory, Woolwich, since 1874, when the 
first of them was erected. The double-furnace is shown 
sectionally in Figs. 129, 130. The hearth. A, is nearly 
circular in plan, and measures 7 feet 9 inches long, by 7 feet 
8 inches wide between the doorways, with a maximum height 
of 2 feet 9i inches above the cast-iron bed-plates, redaced 
to 2 feet clear above the cinder-bottom. The fireplace, B, 
contains a grate of the ordinary kind, 6 feet wide across 
the furnace, and B feet long, having an area of 18 square 
feet. It is separated from the hearth by a bridge which is 
15 inches wide, and 12 inches above the level of the grate. 
The combustion-chamber is 2 feet 4 inches high, above the 
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grate. At the far end of the hearth, the gases escape into 
the dandy, 0, whence they return, over the hearth and the 

combustion-chamber. Here thoy are delivered into the 
casing by which the fael-retort F is surrounded ; from 
> which they pass downwards into the snnk chamber G, 
enclosing the cast-iron reservoir H ; and thence by the flue 
I, to the chimney K. The air-blast for the furnace is 
supplied by a Lloyds' fan, under a pressure of 8 inches of 
water* 

The retort F is, for the lower part, constructed of fire- 
biick ; the upper part is of cast iron, weighing 15 or 16 cwt. 
It stands 11 feet 6 inches high above the sole, and is 2 feet 
10 inches in diameter at the lower end, narrowing upwards 
to a diameter of 20 inches at the top. It is fitted with a 
hopper L, at the top, into which the coal is introduced, and 
from which it is charged at intervals into the retort, by the 
action of the segmental damper or valve M. The fuel is 
accumulated on the sole of the retort, where it is subjected 
to a coking process by exposure to the heat from the fur- 
nace. When the gases are driven off, the coke is pushed 
forward into the combustion-chamber^ where the combustion 
is completed. The stoking of the fuel is effected by the 
doorway N, which is opened for the purpose, and is at other 
times closed air-tight. The air-blast is conveyed in a pipe 
which is carried within the brickwork completely round the 
smoke chamber G, and delivers the air into the central 
reservoir H. From this reservoir the air is discharged by a 
blast-pipe into the dose chamber or ash-pit 0, under the 
grate. The pipes lie freely in a comparatively open spa^e 
within the brickwork : the space being in free communication 
with the chamber G, by means of a number of openings, 
which admit of the circulation of the hot gases around the 
air-pipe. 

The action of the furnace is as follows :— A fire is lighted 
on the grate, and bums in the usual manner, until the 
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Figs. 130.- I'l ice's Eetoii Furnace. 
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furnace becomes well-heated. The retort is then filled np 
with fdel, after which stoking takes place from the retort 
towards the grate. The burnt gases which circulate aronnd 
the retort maintain it at a dull red heat ; and the fuel 
within it is gradually carbonised, as it descends, in a manner 
simikr to the action of a common gas-retort, until, when it 
reaches the bottom, it is deprived of nearly the whole of its 
gaseous coustiiuunts, and a fuel nearly in the condition of 
coke remains, to be pushed forward to the grate. As the 
retort is made quite air*tight, the combustible gases which 
are generated arc driven otf by the lower end of the retort 
into the combustion-chamber, where they meet the free air 
arriving through the grate, and are burned with it, at the 
same time that the coke is burned on the grate. The 
temperature of the combustible gases arriving in the com- 
bustion-chamber is from 800^ to 1,000^ Fahr. The coke, of 
course, arrives at the same high temperature, whilst the air- 
blast is delivered at a temperature of about 500° Fahr. 
These conditions are very favourable for the complete and 
immediate combustion of the fuel, and for the production of 
a very high temperature in the furnace. They involve, to 
some extent, the principle of the regenerator : the utilising 
of the heat of the spent gases, by which, it appears, the coal 
is carbonised, the air is heated, and the pigs receive a pre- 
liminary scorching in the dandy before being passed on to 
the hearth. 

The Price furnace, in its earliest form, had no dandy, and 
the burnt gases were discharged into the chimney direct 
from the upper end of the retort-chamber. Mr. J. Lothian 
Bell* states that this furnace, working in 1875, was capable 
of the following performances. For a single-bedded puddUng 
furnace, working 12^ tons of pig-iron per week; and a 
double-bedded furnace, working 25 tons per week ; both of 

* See hiB paper on Price's Patent Retort Famace,'* in the 
Journal of the Iron and Steel Institute^ 1875, page 455. 
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them working by the draught of the chimney only, and with 
cold air direct from the atmosphere : — 

GONBUMPTIOK PXE ToN OF PuDDLBD IbOK AMD SOBAP IbOK BaLU 

FBODUOBD (cold AIB). 

^ingle-bed. Doable-M. 



Cwt«. Cwte. 

Pig and scrap iron • • • • 20*70 20-97 
Fettling . . • • • •46 •21 

OoAl 14*02 10*71 



The coal used was unscreened Gawber Hall, a Yorkshire 
coal of good quality. The same kind of coal was used in all 
the trials. 

For the next trials^ a fieui-blast was used, and the air 
propelled through heated pipes in the manner already de* 

scribed, by which its temperature was raised to 800' Fahr. 
The furnace was double-bedded, and with the heated blast 
it reduced 26^ tons of pig in ten shifts, being 1^ tons more 
than was treated with cold air. 

Consumption ps& Ton of Puddled Iron and Sokap Balls pbodvcxd 

(hbatbd blast of air)* 

DonT>le-bed. 

Cwta. 

Pig and Bcnp iron 21*06 

Fettling 'SS 

Coal 9-44 

Showing a reduction of cwt. of coal, 11 J per cent., by 
using the heated blast in place of cold air. 
Mr. Price stated, in discussion, that the respective quantities 

of coal consumed per ton of iron produced in the furnace, 
as it was then constructed, were as follows 







Coal -per ton 


Coal per ton 








in ordinary 


in Retort 






Charge of Pig. 


fiimaoe. 


furnace. 


Gain. 




Cwt. 


Cwt 


Cwt 


percent 


Single foinaoe 


. . 6 


28} 


13J 


42J 


Double furnace 


10 


18 


n 


47 


Do. do. 


. . 16 


16 


n 


60 
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The ordinary reheating furnaces consamed 9^ cwts. of 
coal per ton of iron, working day-shift only ; or 8 ewt« per 

ton, working day and night. When they were adapted with 
the retort system, the consumptious were as ioiiows ; — 

Coal per ton. 

(Hnder bottom. Bay shift only, includmg lighting up • . d*25 cwt. 

Do. ^do. Day and night work 4*25 

Sand bottom. Day shift onlyt including lighting up . . 4*50 

Do. do* Day and night work 8*75 „ 

showing a gain of one-half. 

A pressure of blast 3^ lbs. per square inch was tried by 
Mr. Whitham, of Leeds, but the heat was excessive : — the 
bricks melted, and the furnace was burned through in the 
course of twenty-four hours. With a pressure of ^ lb. per 
square inch, equivalent to 18^ inches of water, the damage 
was obviated. 

The temperature in the flues of a reheating retort-furnace, 
during several heats, ranged from 1,100° to 1,400^ Fahr., 
the average temperature being 1,260° Fahr. 

In the flues of puddling retort-furnaces, the temperature 

ranged higher ; but it was not accurately observed, although 
it was esthnated that it ranged from 1,600° to l^dOO"" Fahr. 
The results of the performance of the double-bed retort- 

})uddling furnace at Woolwich, averaged for a long period of 
time, are as follows :— 

Per ton of iron produced 

Cwt. 

Pig and scrap iron duiTged • • . • 18*68 

Fettling 4-12 

Coal 9-40 

Mr. Whitham reports that, in a retort-puddling furnace, 
taking charges of 15 cwt., he has produced a ton of iron 

with a consumption of 7i cwt. of coal. This was done in 
Yorkshire, where the iron is weaker and more easily puddled 
than that used at Woolwich. 

That the temperature of the retort-furnace is high, has been . 
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proved by the melting of 40 lbs. of wronght-iron in each of 
three cmcibles at once, in the coarse of three hours. From 

analyses which were made of the combustible gases, it would 
appear, as Mr. Lothian Bell observes, that the nature of the 
combustion may be controlled so that a flame, more or less 
reducing in its character, may be maintained. In one 
instance, two large piles of wrought-iron were placed in a 
heating furnace, and projected aoove the level of the bridge, 
where tliey were exposed to cutting action by the flame. 
To obviate waste from this cause, the quantity of the blast 
was moderated to about half the usual volume. Under 
these conditions, the gases contained a large proportion of 
carbonic oxide, and a proportion of hydrogen, thus : — 

Coicposmoir of thb bubmt Gasbs, at Half-blast. 

By volume. By weight. 

CarLoiiic oxide .... 13-07 13-29 

Carbonic acid .... 7'76 12-49 

B.ydro'Tcn . , . • • 7"35 '53 

Nitrogen 70-82 73-59 

100-00 100-00 

The temperature of the blast was 600** Fahr., and that of 
the burnt gases when they arrived at the entrance to the 
chimney, amounted to 1,500^ Fahr., where the flue was 
red-hot. 

In the experiment which followed, the full blast of air, 
heated to 550° Fahr., was supplied, the object of the ex- 
periment being to ascertain the maximum intensity of heat 

that was available by this furnace. 

Composition of thb bubnt Gasbs, at full blast. 

ByTolmiie. Bjwdght 
Carbonic add .... 16-9 22*8 

Oxygen 2*2 2*3 

Nitrogen 81 -O 74*9 

100-0 100-0 
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Here it is clearly indicated that not only was the carbon 
effectnally burned, but, by the presence of oxygen, that 
there was an excess of air. The proportion of this excess 
may be estimated from the 2-3 per cent, of oxygen, which 
corresponded to 7*7 per cent, of nitrogen. This per-eentage 
of nitrogen amounted to fully one-tenth of the whole per- 
centage of nitrogen in the gases ; and it showed that the 
surplus air amounted to 10 per cent, of the air that 
was required for chemical consumption. The temperature 
in the furnace sufficed for the melting of 26 lbs. of 
wrought iron in 2^ hours. The temperature oi the escaping 
gases only reached 900^ Fahr.: the flue was not visibly 
red-hot. 

The cost of a double puddling furnace for receiving 
charges of 15 cwt. is about JS400 : about twice as much as 
that of an ordinary furnace of equal capacity. 

A puddling and heating furnace, patented in September, 
1877| by Messrs. Caddick andMabery, presents a very simple 
and effective combination for supplying a heated blast of air 
for combustion with the fuel. They provide what they call 
a generator of combustible gases, A, Figs. 181 ; which is, in 
fact, an ordinary fireplace, in which the solid fuel is burned 
on a grate. It is constructed of firebrick, enclosed in a 
casing of plate iron. This is surrounded by a second ii*on 
casing enclosing an air-space, into which air is blown from 
the pipe B. The air circulating round the generator is 
heated in the air-spaces, and is discharged partly into 
the enclosed ashpit 0, and partly into the combustion- 
chamber above the fire, through several openings 
made for the purpose. The air that enters the ashpit 
receives an augmentation of heat from the hot ashes and 
cinders. 

It appears that, in a double-bed furnace,* with averaged 
charges of 11 cwt. each, 19 cwt. of stamps," or puddled 

♦ See an article in The Engimer^ September 21, 1877 ; page 210. 
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bars, were produced per tou of pig iron and scraps chaxged, 
with a eonsumption of coal, 12^ cwt. per ton charged, and 
l^i cwt. per ton of bar. 

In the old single puddling furnace, 18^ cwt. of stamps 




Figs. ISl.^Caddick and Maber^ 's TiuQace. 



were produced per ton charged, for a consomption of fael of 
28 cwt. per ton of stamps. From these resiilts, it is seen 
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that a saving of 44 per cent, in fuel was effected. The 

saving in fettling amounts to 50 per cent. 

Mr. T. B. Crampton's unique system of heating iron 
famaoes by the combustion of powdered fuel — coal-dust — 

will be described further on, in the chapter on Powdered 
Fuel. 
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CHAPTER XX. 
BLAST-FUKNACES. 

It is outside the scope of this little work to follow out the 
intricaeies of combustion in blast-furnaces, or to trace the 

progress of economy of fuel in this connection. Suffice it to 
subjoin an abstract of the detailed estimates formed by Mr. 
J. Lothian BeU of the appropriation of the heat of Durham 
coke in the Cleveland blast-furnaces, reported in the Joui nal 
of the Iron and Steel Imtitute^ 1872 — 1875/' 

Durham coke, it is assumed, consists of 92*5 per cent* of 
carbon, 2*5 per cent, of water, and 5 per cent, of ash and 
sulphur. To produce 1 ton of pig-iron, there are required 
11 cwt. of limestone, and 49 cwt. of calcined iron-stone ; the 
iron-stone consists of 18*6 cwt. of iron, 9 cwt. of oxygen, 
and 21*4 cwt. of earths. There is formed 7*26 cwt. of slag, 
of which 1*1 cwt. is formed with the ash of the coke, and 
6*16 cwt. with the limestone. There are 21*4 cwt. of earths 
from the iron-stcne, less '74 cwt. of bases taken up by the 
pig-iron and dissipated in fume ; say, 20*66 cwt. Total of 
slag and earths, 27*92 cwt. 

Mr. Bell assumes that 30-4 per cent, of the carbon of the 
fuel which escapes in a gaseous form is carbonic acid ; and 
that, therefore, only 51*27 per cent, of the heating power of 
the fuel is developed and the remaining 48-73 per cent. 

« The abstract is deriyed from ''A Manual of Boles, Tables, and 

Data," 1877, page 498. 
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leaves the tunncl-head undeveloped. He adopts, as a unit 
of heat, the heat required to raise the temperature of 112 lbs. 
of water l"" Centigrade. 

DlBTBIinJTIOK OF THB HbAT OEimATSD IV THB BlAST-FUBHAOB VOB 

THB FBODVoncnr or 1 Ton op Fio-ibok. 
EvaporatiQii of water in ooke, and cJiflmical actioiit 



in smelting 48,354 54*1 

Fusion of pig-iron 6,600 7*4 

Fusion of slag 15,356 17*2 

Expansion of blaat 8,700 4-1 

Appropriated for the direct work of the furnace 74,010 82*6 

Loss by radiation through the walls . . 3,600 4*0 

Carried away by tuyere-water . • • 1,800 2*0 

Sensible heat of gaseous products • • . 10,000 11*2 

Waste 15,400 j7j 

Total heat generated in the fnniaoe • • 89,410 lOOD 



The undeveloped heat of the fuel amounts proportionally 
to 89,410 X H-if = 84,980 units. Add to this, the sensible 
heat of the gaseons prodaots, 10,000 units, and the snm, 
94,980 nnits, is disposed of as follows : — 

DiSTBIBUTION OF THB WaSTE AND UNDEVELOPED HeAT OF THB FuEL 
REQUmSD FOR THB PRODUCTION 07 1 TON OF PiG-IKON. 

Unite. Peroni 

Generation of steam for blast-engine and various 



pumps connected with the work . • • 28,080 29*6 

Heating the blast to 905"* F. 11,920 12-5 

Appropriated for direct work .... 40,000 42*1 

Loss by radiation from the gas tabes • • 3,320 8*5 

IiOBS of heat escaping by the chinmeys . 21,660 22*8 
(temperature, 770^ F., from boilers) 

( „ 640' F., from stoves) 

liadiation at boilers and stoves, 25 per cent. 16,240 17*1 

Waste "! T 41,220 43*4 

Loss of gases from blast-furnaces, in charging, 6 per 

cent. 4,740 50 

Sundry 9,020 9-5 

Total waste and undeveloped heat • 94,980 100*0 
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For the perfonnance of the duty accorcUng to these analyses, 

Mr. Bell states that 19*08 cwt. of carbon, or 20-62 cwt. of 
coke, is required, per ton of iron produced from ore yield- 
ing 41 per cent, of iron. In a fomaee having 18,000 cubic 
feet of capacity, 80 feet high, 1 ton of No. 8 pi ^iron was 
produced with 21 ^ cwts. of ordinary Durham coke, from 
Cleveland iron-stone. 

In recent years, by raising the temperatnre of the blast to 
485^ C, or 905° i\, the consumption of coke, with a furnace 
48 feet high, was reduced to 28 cwt. per ton of iron. With 
a cold blast, more than 60 cwt. would probably have been 
required. 

It is stated, that at Barrow works, where the Siemens- 
Cowper regenerative stove is employed for heating the blast 

to 1,100° F., the quantity of coke consumed is 20 Ob cwt. 
per ton of iron* 



0 
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CHAPTER XXI. 



THE SIEMENS BEGENEEATIVE GAS-FURNACE. 

In the system of heating known as the regenerative gas- 
fnmace of Messrs. C. W. and F. Siemens, ordinary faels 

after having been converted into combustible gases in a 
gazogene, the principle of which has akcady been described, 
are cooled down in a cooling tube throngh which they are 
passed, in order to precipitate by condensation the aqueons 
vapour in mixture with them, whilst at the same time a pro- 
portion of tarry matters is likewise precipitated. The com- 
bnstible current, thus purged, is next passed throngii and 
heated by a mass of hot Erebricks. The air also is passed 
through, and heated by a mass of hot firebricks. The cnrrents 
of combnstible gases and air, after having thus been raised to 
a high temperature, are conducted to the furnace, and brought 
into contact and mixture; combustion ensues, and intense 
heat is generated in the furnace. The products of combnstioo 
are then led off through other masses of firebrick, to which 
they communicate their surplus heat, previously to their pass- 
ing away by the chimney. Professor Faraday described the 
Siemens regenerative furnace in the following terms : — The 
gaseous fuel is obtained by the mutual action of coal, air, 
and water, at a moderate red heat. A brick chamber, 
perhaps 6 feet by 12 feet, and about 10 feet high, has one of 
its end walls converted into a fire-grate ; that is, about half- 
way down it is a solid plate, and for the rest of the distance 
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donsistB of strong horizontal plate-bars where air enters, the 
whole being at an inclination sach as that which the side of 

a heap of coals would naturally take. Coals are poured 
through openings above upon this combination of wall and 
grate, and, being fired at the nnder snr&ce, they bnm at the 
place where the air enters ; but, as the layer of coal is from 
2 to 3 feet thick, various operations go on in those parts of 
the fael which cannot bom for want of air. Thas the upper 
and cooler part of the coal produces a large body of hydro- 
carbon ; the cinders, or coke, which are not volatilised, 
approach, in descending, towards the grate ; that part which 
is nearest the grate, bums with the entering air into carbonic 
acid, and the heat evolved ignites the mass above it ; the 
carbonic acid, passing slowly through the ignited carbon, 
becomes converted into carbonic oxide, and mingles in the 
upper part of the chamber (a gas-producer) with the former 
hydro-carbons. The water, which is purposely introduced at 
the bottom of the arrangement, is first vaporised by the heat, 
and then decomposed by the ignited fuel, and rearranged as 
hydrogen and carbonic oxide, and only the ashes of the coal 
are removed as solid matter from the chamber at the bottom 
of the firebars. 

These mixed gases form the gaseous fuel. The nitrogen 
which entered with the air at the grate is mingled with them, 
constituting about one-third of the whole volume. The gas 
rises up a large vertical tube for 12 or 15 feet, after which it 
proceeds horizontally for any required distance, and then 
descends to the heat-regenerator, through which it passes 
before it enters the furnaces. A regenerator is a chamber 
packed with firebricks, separated so as to allow of the free 
passage of air or gas between them. There are four placed 
under a furnace : the gas ascends through one of these 
chambers, whilst air ascends through the neighbouring 
chamber, and both are conducted through passage outlets at 
one end of the furnace, where, mingling, they bum, produc- 
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ing the heat dae to their chemical action. Passing onwards 
to the other end of the furnace, they (that is, the combined 
gases) find precisely simikir ontlets, down which they pass, 
and traversing the two remaining regenerators from ahove 
downwards, heat them intensely, especially the upper part, 
and BO travel on in their cooled state to the shaft or chimney. 
Now the passages between the four regenerators and the gas 
and air are supplied with valves and deflecting plates, which 
are like fonr-way cocks in their action ; so that, by the use 
of a lever these regenerators and airways, which were carry- 
ing off the expended fuel, can in a moment be used for con* 
ducting air and gas into the furnace, and those which just 
before bad served to carry air and gas into the famace, now 
take the burned fuel away to the stack. It is to be observed 
that the intensely heated flame which leaves the furnace for the 
stack, always proceeds downwards through the regenerators, so 
that the upper part of them is most intensely ignited, keeping 
back, as it does, the intense heat ; and so eflectual are they 
in their action, that the gases which enter the stack to be 
cast into the air are not usually above 800" Fahr., of tempera- 
ture* On the other band, the entering gas and air always 
pass upwards through the regenerators, so that they attain a 
temperature equal to a white heat, before they meet in the 
furnace, and there add to the carried heat that is due to their 
mutual chemical action. It is considered that when the 
furnace is in full order, the heat carried forward to be evolved 
by the chemical action of combustion is about 4,000° Fahr., 
whilst that carried back by the regenerator is about B,OO0P 
Fahr., making an intensity of power which, unless moderated 
on purpose, would fuse furnace and all exposed to its action. 

Thus the regenerators are alternately heated and cooled 
by the outgoing and entering gas and air ; and the time for 
alternation is from half-an-hour to an hour, as observation 
may indicate. The motive power on the gas is of two kinds : 
a slight excess of pressure within is kept up from the gas 
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producer to the bottom of the regenerator, to prevent air 

entering and mingling with the fnel before it is burned ; bnt 
from the furnace, downwards through the regenerators, the 
advance of the heated medium is governed mainly by the 
draught in the tall stack or chimney. 

Great facility is afforded in the management of these 
furnaces* If, whilst glass is in the course of mauofacture, 
an intense heat is required, an abundant supply of gas and 
air is given. When the glass is made, and the combustion is 
to be reduced to working temperature, the quantity of fuel 
and air is reduced. If the combustion in the furnace is 
required to be gradual from end to end, the inlets of air and 
gas are placed more or less apart, the one from the other. 
The gas is lighter than the air ; and if a rapid evolution of 
heat is required, as in a short puddling furnace, the mouth of 
the gas inlet is placed below that of the air inlet. If the 
reverse is required, as in the long tube-weldmg furnace, the 
contrary arrangement is used. Sometimes, as in the enamel- 
ler's furnace, which is a long mulllo, it is requisite that the 
heat be greater at the door end of the muffle and furnace, 
because the goods being put in and taken out at the same 
end, those which enter last are withdrawn first, and remain, 
of course, for a shorter time in the heat at that end ; and, 
though the fuel and air enter first at one end and then at the 
other alternately, still the necessary difierence of temperature 
is preserved by the adjustment of the apertures at those 
ends. 

Not merely can the supply of gas and air to the furnace 

be governed by valves in the passages, but the very manu- 
facture of the gas-fuel itself can be diminished, or even 
stopped, by cutting off the supply of air to the grate of the 
gas-producer ; and this is important inasmuch as tliere is no 
gasometer to receive and preserve the aerilbrm fuel, for it 
proceeds at once to the furnaces. 

" borne of the furnaces have their contents open to the 
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fuel and combustion, as in the puddling and metal-melting 
arrangements ; others are enclosed^ as in the muffle-furnacesi 
and flint-glass fomaces. 

The economy in the fuel is esteemed practically as one- 
half, even when the same kind of coal is used, either directly 
for the furnace or for the gas-producer; hut, as in the latter 
ease the most worthless kind can be employed, such as 
slack, &c., which can be converted into a clean gaseous fuel 
at a distance from the place of the furnace, so, many advan- 
tages seem to present themselyes in this part of the arrange- 
ments.** 

The essential principle of the Siemens furnace is, then, 
to intercept the heat of the products of combustion escaping 

from a furnace, and cause it to heat the furnace anew. The 
transformation of the fuel into a combustible gas was a 
necessary adjunct of the employment of the departing heat, 
consequent on the unsuccessful efforts made by heating the 
air only, and directing it to the fuel in the solid state, by 
natural draught only. When, subsequently, the fuel was 
converted into gas, it was naturally considered advantageous 
to raise the temperature of the gas, as well as that of the 
air, before these two elements were brought into mixture 
for combustion. In this way, the temperature was elevated 
without difficulty. Before the introduction of the regenera- 
tive furnace, the heat of the departing gases was but partially 
economised ; besides the heat lost in the production of steam, 
in calcination, &c., beat was lost in many furnaces, some- 
times in enormous quantities, as in glass-furnaces, when 
chambers of large capacity were to be4ieated to a high and 
equable temperature at all points. The flame from the glass 
furnaces carried oii the greater part of the heat of combus- 
tion into the chimney — ^heat which could not be utilised in 
generation of steam, for which there was not any demand. 
In such cases, the economy eflfected by the Siemens regene- 
rator has been most remarkable, and has been influential in 
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rapidly pFomoting the adoption of the means of heating 
to high temperatures, according to that system. 

Formerly, the air and the gas were heated to temperatures 
of fi'om 400^ to 800° Fahr., which indicated hut moderate 
accessions of heat when compared with the actual temperature 
of combustion. In the Siemens furnace, on the contrary, the 
elements may be heated up to from 1,800^ to 3,600" Fahr,, 
and more, before their entering into chemical combination ; 
thus not only economising heat, but producing higher 
temperatures than before. Suppose, for instance, a block of 
steel is to be melted on the old system, for which the melting 
point is, say, 4,000*^ Fahr., coal of the best quality would be 
requisite, the dimensions of the furnace must be restricted, 
the exact proportion of air to be admitted must be precisely 
adjusted, and every precaution must be practised in order to 
produce a temperature of at least 4,000° Fahr. But the 
conditions and the results are entirely changed, when, by 
the modem process, the steel may be plunged into an atmo« 
sphere of 5,500° Fahr. 

The elements of the Siemens system will now be described 
more in detail, with general reference to the illustrations, 
Figs. 132, 133, 184. 

Gazogene, — The gas-generator or producer or gazogene, is 
a brick-chamber 8 feet 2 inches deep, formed as a vault, with 
an arched roof, two vertical side walls, from 5 feet to 6^ 
feet apart, a vertical back wall, and a front wall b forming an 
inclined plane at an angle of from 45° to 60". The iront wall 
is supported by iron plates ; and it is continued towards the 
bottom by a step-grate at the same inclination, about 2 feet 
8 inches deep, joining to an ordinary horizontal grate, o. 
This grate stands at a height of 16 inches above the floor of 
the structure. The lower side of the step-grate is from 4 to 
6 inches clear above the horizontal grate, to leave room for 
clearing out the cinder and ash. The lowest bar of the step- 
grate suffers most, and is either made hollow and filled witii 
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water to keep it cool, or is made thicker than the others. 
The bars should be of wrought iron, and their number should 
be limited to three or four. The bars of the horizontal grate 




Fig. 132. — The Siemens Ilcg^cnerative Furnace.— Vcilical Section through 

the (}as-generator. 

may be few in number, when the coal lies on a bed of clinker. 
The roof of the gazogene is formed with orifices, through 
which the fuel may be guided, and agglomerations may be 
broken down by pickers. Two of the openings are made 



THE SIEMENS REGENERATIVE GAS FURNACE. 297 



larger and are fitted with hoppers, a, through which the fuel 
is supplied. Other openings, as g, are made through the 
roof, through which the fire may be inspected, and the fuel 
may be pushed down. To prevent access of air directly to 
the gases above the fuel, the back wall is stepped forward 




to the extent of 10 or 12 inches, at a level a little above the 
horizontal grate. The fuel rests upon the bench thus formed, 
and it effectually debars the entrance of free air next the 
wall. By this simple precaution, the quality of the gas is 
considerably improved. 

o 3 

Google 
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4:. 

Charginfj the Gazor/ene, — The depth of the fuel and the 
inclination of the gi*ate vary, as before stated, with the 
nature of the fuel. The larger the pieces of the fuel, the 




less is the tendency to descend, and the greater is the in- 
clination required ; which amounts to saying that the inclina- 
tion should be equal to that of tbe natural slope of the fuel. 
The thickness, which may vary from two to three feet. 
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Bhoold increase wiUi the size of the coal, as the greater is 

the teudeiicy to form iuterstices by tho agglutination of the 
parts. 

The quantity of coal that may be burned per day of 
twenty-four hours in a gazogene depends upon its dimen- 
sions and the nature of the fuel. For a generator of the 
given dimensions, the quantity varies from 8,000 lbs. to 
4,000 lbs. per day. It is generally preferable, especially 
with rich coals, to moderate the formation of gas ; for thus 
the combustion of gas is better regulated, and the gas is 
more easily cooled. But the generator must be maintained 
at a Kufficiently high temperature. Coke used as fuel should 
be disposed in beds of from 3 feet to 8^ feet thick, and it 
may be burned in more considerable quantities. 

Coal, from the time it is charged until it is entirely 
consumed, remains in the converter for a period of from 86 
to 60 hours according to the capacity of the converter and 
the rate of combustion. The grate is usually cleaned once a 
day ; and, when there are several generators, they are 
cleaned successively, at regular intervals. The cinders are 
sifted and returned to the generators with the ordinary coal. 

Whatever the quality of coal used, a great quantity of 
ash in the generator is always a great obstacle to its proper 
action, and it is strongly recommended to wash dirty coal. 
The washing of coal is easily and cheaply done. 

Heat is utilised by employing water, which is supplied 
in limited quantities by a pipe, e. The vapour, coming into 
contact with the carbon of the fuel, is resolved into its 
elements, oxygen and hydi'ogen, of which the former takes up 
an equivalent of carbon, and forms carbonic oxide, free from 
nitrogen. The carbonic oxide and the hydrogen are after- 
wards burned in tho furnace. The w^ater lies in a pool below 
the grate, into which the hot clinkers fall, and there generate 
steam. The quantity of vapour that may thus be absorbed is 
necessarily limited, since the vapour exercises a refrigerating 
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action in the generator : it depends upon the heat which is 
disposable, from the combustion of the carbon by the air. 

The mass of coal in the generator is in best condition when, 
seen from the sight-holes, it has the clear dark-red appear- 
ance of a coke-fire, without either flame or smoke, the pieces 
of coke being less hot than the interspaces between them, by 
which the gas rises. A cherry-red should not be exceeded. 
When the colour becomes bright-red, it indicates that the 
combustion is too active, and that a considerable proportion 
of the carbonic acid escapes being converted into carbonic 
oxide. Two evils resalt from such excessive activity : the 
gas is impoverished, and it is wastefully raised in tempera- 
ture. Air, besides, is drawn in through the interspaces, and 
bums the gases above the fuel. The gas should not be so 
hot as to inflame when it is discharged into the air. Dr. 
Siemens states that the temperature in the chamber of the 
generator does not exceed 75QP Fahr* 

From the results of various observations it has been found 
that, to convert 1 ton of coal in 24 hours, an area of opening 
of grate equal to from 4^ to 4} square feet is required. For 
an area of 4i square feet the rate of consumption reduced to 
the ordinaiy measure would amount to 500 lbs. per square 
foot for 24 hours, or to 20*88 lbs. per square foot per hour. 
Greater rapidity of combustion, even twice as much, has 
been practised; but it is not good practice. When the 
generator becomes too hot, it is reduced to the proper tem- 
perature by the admission of steam under the grate. The 
grates should always be well cleaned, and the coal next the 
grates should bum with a bright red colour. 

There is another reason for moderating the rapidity of 
conversion, especially of rich coals. The coal, when sub- 
jected to too high a temperature, runs together and cakes, 
forming vaults and incurring irregular scents with devoid 
spaces. The very bituminous coal, besides, has an aptitude 
for producing liquids, — tar, by which the passages are 
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obsiractedy and soot, which lines the pipes to inches of 

thickness, and is deposited chiefly in bends and at valves, 
wherever there is change of direction or of section. These 
deposits, of course, demand frequent cleaning out. 

By the expansiveness of the hot gases in the gazogene, a 
slight excess-pressure is set up which is useful for prevent- 
ing ingress of air into the passages on the way from the 
gazogene to the regenerators. If the gazogenes can be 
placed on a lower level than the furnaces, the gas, in virtue 
of its lightness and ascensional power, would produce by its 
upward movement a sufficient pressure. Dr. Siemens states 
that, for this olject, a dillerence of level of 10 feet would bo 
sufficient. But, in the absence of difference of level, the 
desired pressure is produced by the employment of a cooling 
tube. The hot gas is delivered from the generator into a 
vertical flue, h, from 18 to 15 feet high, built of brick, to 
preserve the heat; thence it passes into the horizontal 
"elevated cooling-tube," J, of sheet-iron, where it is cooled, 
and its density is augmented, and whence it descends by a 
tube which completes the syphon. The height required for 
the cooling-tube to 3neld the pressure, which would be 
equivalent to a dillerence of level of 10 feet between the 
generator and the furnace, may be calculated. 

Thus, a certain amount of the energy of sensible heat is 
transformed into that of pressure : — that there may not be 
any leakage of air into the gas-flue, and that the gas may be 
delivered with a slight outward pressure at the furnace. 

The temperature of the gas on leaving the generator has 
been found to be 600 C, or about 1,100^ Fahr. ; and, in the 
cooling tube, the gas is coolc d to lO^"" Fahr. The required 
height amounts to about 14 feet, and the pressure is 
measured by V<r iiich of water. . 

By the cooling of the gas, the steam which necessarily 
passes over with it is, for the most part, condensed. For 
furnaces dealing with iron or with steel, when moist fuels 
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are consumed, it is absolutely necessary to completely 
cool the gases, in order to separate by condensation the 
aqneoas vapour, which, when permitted to enter the for- 
nace, oxidises the metal. For the reheating furnace, at 
the iron-works of Munkfors, in Sweden, the gaseous pro- 
ducts of green saw-dust, holding 45 per cent, of hygro- | 
metric water, hold, after condensation, no more than 2 out 
of the 83 per cent, of vapour existing in the gases befoie 
condensation. 

The gases from the several generators are collected in a 
horizontal conduit, whence they pass into a single vertical 
brick shaft, on their way into the cooling tube. For a 
furnace consuming 3,300 lbs. of coal per day of 24 hours, 
the cooling tube should present a surface of at least 65 
square feet; and, of coarse, the greater the number of 
generators, the more extended must be the cooling tube. 
The descending tube is most usually made of sheet iron, 
and delivers the cooled gases into a conduit from 28 to 
40 inches square, which may be of a length of from 80 to 
300 feet, by which they are conducted to the regenerators. 
The greater part of the tar is collected in a reservoir placed 
at the lower end of the descending tube. 

A regulating valve is placed in the conduit, to adjust the 
supply of gas, or to shut it off entirely. It is of cast-iron, 
varying from 16 inches to 24 inches in diameter, and may 
be lifted to give from 6 inches to 12 inches of opening. The 
gas next reaches the reversible valve, — a flat valve, turning i 
on a horizontal axis, and commanding three wa3rs — ^two to 
the right and the left, alternately opened for the passage of 
the gas to the regenerators by turning the valve through an 
arc of 90°. The third way is the exit-flue to the chimney, 
by which the spent gases, deprived of their surplus heat, are 
delivered into the chimney. When the generators are being 
lighted up, the valve is placed vertical, aud the gases go 
direct to the chimney. The valve is of cast-iron, usually 
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rectaDgolar ; but sometimes ellipticai» when it is placed in 

a three-way cast-iron pipe. 

The gas arrives at the lower part of one of the regene- 
rators, whioh are plaeed under the fomace in which com- 
bustion is to take place. As the gas ascends through the 
regenerator, it becomes heated by contact with the bricks, 
until it is delivered into the furnace ; the draught of the 
chimney should be adjusted so as not to be felt until the 
products of combustion pass from the furnace, to make their 
descent into and through the regenerators. 

The air for effecting combustion is admitted by a mush- 
room-valve of the same dimensions as that employed for the 
admission of the gases. It is usually lifted only half as 
much as the gas- valve. Having passed the regulating-valve, 
the air arrives at a three-way valve, adapted like the other 
valve for gas, to direct the air towards one or the other of 
the compartments of the generator where it is to be heated. 
Having passed through this, it is delivered into the furnace. 

Regenerators. — The regenerators consist of four compart- 
ments, 0, B, b', Fig. 18S. Each compartment is a 
rectangular chamber, usually from 16 to 82 inches wide, 
8 feet to 12 feet long, and from 8 feet to 10 feet high. 
Bricks are placed in tiers in this chamber — 10, 15, or 
80 tiers, according to their dimensions, — arranged to over- 
hang and to afford a thoroughfare between and amongst 
them. The conduits from which the air and the gases 
are delivered into the compartment are 18 or 20 inches 
high, and they mn under for the whole length of the 
compartment. The conduits are over-arched by bricks, 
leaving large openings or interspaces through which the air 
or the gas ascend into the compartment. The bricks are 
supported upon this arch. The best arrangement of bricks 
is that which admits of the lodgment of a great weight of 
bricks in a given space, matutiuning a clear way by placing 
them in ranges : making suiliciout passage-way for the gases 
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to pass on slowly, and ofifering a suitable area of sarface. 
Dr. Siemens has fonnd that a saperfieial area of 6 square 
feet is required for taking up the heat from one pound of 
coal consumed per hour, which would be equivalent to 500 
square feet for each ton of coals consumed in 24 hours, or to 
280 square feet per ton per 24 hours, for each of two com- 
partments. The volume of space required for the four 
compartiflents amounts to 4^ cubic yards per ton of coal per 
24 hours ; of which one -half, or 2^^ cubic yards, is taken as 
empty, and the other half as filled. Firebrick weighs 1-353 
tons per cubic yard solid ; and (1*858 x 2^) 8 tons for four 
compartments, or 15 cwt. for one compartment. This 
proportion is greater than what may be deduced in terms 
Simply of the specific heat of firebrick, which is 0*21, and 
that of the gases, which is 8*44 ; but, necessarily, the lower 
ranges of brick are much less heated than the upper ranges. 
Their maximum temperature is not usually more than about 
212 Fahr. ; and, obviously, a greater body of brick is needed 
to take up the heat of the departing gases than if the whole 
of the brick were alike heated to the highest temperature in 
the regenerator. 

The firebricks manufactured with the Dinas clay, of the 
Vale of Neath, are the best for the purpose of the regenerator. 
This clay consists almost entirely of silica : the composition 



is as follows : — 

Silira 98-31 

Alumina *72 

Protoxide of Iron *18 

Lime «22 

Potash and Soda *14 

Water In Combination .... '35 

99-92 



The powdered rock is mixed with one per cent, of lime, 

and just enough water to cause the mixture to cohere under 
pressure. The lime acts as a flux to cement together the 
^particles of quartz. 
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The compartments of the regenerator are placed together in 
two groups, most commonly nndergronnd. They are Bur- 

rouudcd by a thick wall, which may be built of two thick- 
nesses with an interspace filled with sand. The compart- 
ments are separated from each other by walls which are 
carefully built, to prevent any direct communication between 
the gas and the air. The groups are connected with special 
reversing valves b, b, Fig. 184, so arranged that tte gas- 
regenerator of the admission pair is connected with the ^'as- 
producer, and the air-regenerator with the atmosphere, whilst 
the products of combustion pass through the exit-regene- 
rators to the chimney. The heatinpj-chamber d, Fig. 183, 
is placed above the regenerators, and there are two sets of 
ports leading from it to the two pairs of regenerators. 

The currents of the gas and the air meet for combustion 
at their exits from the regenerator. They may be inclined 
toward each other, and may meet in a mixing or combustion- 
chamber before entering the furnace ; and if, at the same 
time, the air be admitted in su£&ciont quantity, a complete 
combustion is obtained, with a short flame, and a great 
degree of heat at tlie entrance. For long furnaces, Hke 
glass furnaces, where the flame is required to be pro- 
longed, the currents of gas and air are delivered in parallel 
directions, so that the mixture takes place gradually, and 
the combustion is not completed until the elements have 
advanced to some distance from the origin. And again, 
if the quantity of air be sufficiently restricted, combustion 
and flame may be prolonged over the whole extent of the 
hearth. The gas and the air may also be delivered at 
different levels. If the gas be the lower current, it rises by 
its superior levity, and burns rapidly with the air. Thus, 
the length of the flame may be raised from 2 feet or 2 feet 
6 inches, for melting crucible steel, to 80 feet as in large 
glass furnaces. When the mixing chamber is suppressed, 
the aur is delivered by the upper opening and spreads like a 
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sheet under the roof; and the gas, arriving from helow, 
gradually aseends, mixes, and mflames ; whilst the material 

on the hearth is protected against oxidation by air in contact. 

The fames descend through the regenerators for about a 
fourth of their depth, and the temperature in the upper 
region is of course equal to that of the liames. The products 
of comhostion should never, if possible, leave the regenerator 
at a temperature higher than 410'* Fahr. When the eapacity of 
the regenerator is sufficient, the temperature of the departing 
gases need not exceed 212^ Fahr. By a damper in the Jdue to 
the chimney, the force of the draught is controlled. 

The chimney is constructed with a diameter of from 28 
inches to 40 inches, and a height of from 30 feet to 65 feet. 
It is sufficient for the service of several furnaces ; and it is 
put in requisition for supplying an active draught for lighting 
the furnaces, and getting up the temperatures : for this pur- 
pose a temporary fire is lighted at the base of the chimney. 
The sectional area is proportioned to give from 30 to 46 
Square inches per ton of coal consumed in 24 hours. 

OsNEBATIOlf AND DlSTRXBUTION OF THE HsAT OF THE 

E£G£N£BATIV£ GaS-FUBNAC£. 

An exhaustive analysis of the performance of the Siemens 
Gas-furnaces at the Glass-works, Saint- Gobin, has been 
entered into by M. £rausy* from which the following abstract 
is derived. 

The system of Dr. Siemens is there applied to the furnaces 
for melting glass. The following description and analysis 
have reference to one of these furnaces. 

The chamber to be heated is 28 feet long, llj feet wide, 
and 6*56 feet high inside to the crown of the arch overhead : 
-^making a volume of, say, 1,412 cubic feet. It contains 

« ^Eliida aur le Four k Gaz et Chaleur E^g^niree," in the Anmlu 
du Gmie CMl, 1874, page 86, &o. 
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20 meltbg-potSt weighing 440 lbs. each, and holding 

770 lbs. of material ; say, in all 8,800 pounds of pottery, and 
15,400 pounds of material to be melted. This furnace, 
previously to the employment of the Siemens system, con- 
sumed 12 tons of coal in 24 hours, holding the same charges. 

There are five generators in the open air, four of which 
are kept in action, and are sufficient for keeping up the 
supply of heat to the furnace. The step-grate is inclined at 
an angle of 50^. The brick slope is about 5 feet long, 
nearly one-half longer than the grate, which is 3*61 feet 
in length. The bars are hollow and kept cool by a current 
of water. The floor of the gazogene is 8 '20 feet below 
the surfiEMse of the ground, and the charging box is 20 or 
24 inches above the level. The air is admitted between five 
bars only, within a vertical height of about 18 inches. The 
average width is 6 feet, and the area is (6 x 1*5 s=) 9 
square feet of open grate for one furnace ; or, for four fur- 
naces, 86 square feet. The quantity of coal consumed is 
7 tons in 24 hours, and the area for admission of air amounts 
to 4f square feet per ton consumed per hour, being about 
20 lbs. of coal per square foot per hour : — a rate of consump- 
tion which answers very well. The fuel consists of a 
mixture of one-fourth of dry coal or of coke, and three- 
fourths of richly bituminous coal from Anzin. The gene- 
rators act quietly, the gas is thick and plentiful, and under 
good pressure. 

Passing from the generator, the gas travels along a hori- 
zontal passage, whence it rises into a chimney or vertical 
passage 28 feet high ; thence into the cooling tube, 8 feet 
9 inches in diameter, and 26 feet 3 inches long, from which 
it descends by a chimney similar and parallel to the first, 
for a depth of 29 feet 6 inches, into an underground passage 
towards the valves. All these passages are easily accessible 
by doorways, through which they may be cleaned with 
promptitude. The underground passage is 8*28 feet by 
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8*44 feet, and is 197 feet in length up to the valves ; it is at 
a level of from 16 to 18 inches below the grate of the gene- 
rator. The valves are circular, 24 inches in diameter. The 
passage to the regenerators is 24 inches high^ and 32 inches 
wide. 

The brick chambers, or regenerators, are 3*28 feet wide, 
and 7'38 feet high, and 11-48 feet long ; making a capacity 
of 278 cubic feet. The bricks are laid in 12 tierSy and they 
are uniformly traversed by the gases. The chimney is near 
the generators, and is placed 197 feet from the furnaces. 
It is 8*28 feet square, and stands 49 feet high. The gases 
are discharged into it by a flue 8*28 feet by 8*44 feet, fitted 
with a damper. The area of admission into the chimney is 
from ith to ith of the section of the flue. Under these 
conditions, the furnace works advantageously. The temper- 
ature in the furnace is very high and very regular ; whilst 
the temperature in the chimney is very low. The economy 
of combustible efiSBcted by the introduction of the regenera- 
tive furnaces amounts to 42 per cent. 

In the following calculation, it is assumed that the speci^c 
heats are constant. The sense of the calculations would not 
be materially affected, if the actual specific heats at high 
temperatures were known and taken into account. 

Fbbnch awd English Mbasubis. 

1 Kilogramme .... 2*205 lbs. 

1 Tonne 0-9842 ton. 

1" Ct'iitigrado .... 1°'4 Fahrenheit. 

TemixTuturc by Centigrade, eq^ual to (temperature by 

Fahrenheit — 32) X I- 
Temperature by Fahrenheit, equal to (temperature by 

Centigrade X S) + 32. 

1 Calorie 3*968 English heat-units. 

The fuel supplied to the generators, from which the 
following analyses were made, consisted of a mixture of ^ths 
of bituminous coal, and f th of dry coal. Water was not 
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supplied to the generator. The composition of the gajses 
prodnoed was as follows : — 



Carbonic Oxide • • 
Hydi'ogen . 
Carburetted Hydrogen 

Carbonic Acid 
Nitrogen • • • 




4-2 

61-2 



34*6 Combustible 



66*4 Non-Combustibla 



100-0 1000 



Here may be added, parenthetically, the composition of 
the combustible gases according to M. £oistel| in a paper 
read by him to the ''Soci^te des Ingenieurs Givils/* in 
1867 :— 

Carbonic Oxide . • • • 21} to 24 
Carbooio Aoid • 



Nitrogen 

Hydrogen 
Hydi'u-carbons 



4 to 6 
SO to 64 

6-2 to 9-6 

1-3 to 2-6 
100 



Multiplying the quantities given by M. Kraus by the 
respective densities of the gases, the composition by weight 
is obtained : — 



Oarbonic Oxide . 
Sydrt^ien • • . 
Garburetted Hydrogen 
Oarbonic Add • 
Nitrogen • 



Bpedilo 

Tolmnet. deniltj. Weiglita. teeeni. 

24-2 X '9674 = 28*639 or 26 S9 

X -0692 = •667 „ "62 

X '6621 = 1*216 f, 1*88 

X 1-6290 = 6-421 ^ 7-04 

X -9713 = 69*444 „ 66*12 



S'2 
22 
4*2 
61*2 



100 0 X '9128 = 91-277 or 100 00 



The three combustible gases together amount to 27*84 per 
ceniy and the two non-combnstible gases to 72*16 per cent. 
A small quantity of aqueous vapour is mixed with these 
gases, and is condensed. From the composition of the 
gases, the average composition of the coal is deduced, as 
foUowB, omitting the ash : — 
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Pereont. 

CSarbon 84-38 

Hydrogen . • • • 6*17 
Oxygen • • • • • 6*90 
Nitrogen, Ac • • • • 2*65 

100 00 

The qaaniities of gas produeed per 100 kilogrammes of 

this coal are — 

Ealogramzne. 
Carbonic Oxide. • • • 155*87 
Carbonic Acid . • • • 42*89 
Carburetted Hydrogen . . 8*02 

Hydrogen 8*74 

Nitrogen 392-I5 

602-17 

The water condensed in the passages, together with the 
tars, soot, &c., amounted to 3*79 kilogrammes. 

To find the total capacity for heat of these productB, 
multiply them respectively hy their specific heats : — 



Spedfletat. Galoriei. 
Carbonic Oxide • • 155*87 X '2479 = 38*66 
OarbonioAcid • • 42*39 X '2164 = 9*17 
Carburetted Hydrogen 8*02 X '6929 = 4*76 
Hydrogen • • • 8*74 X B*4046 = 12*78 
Nitrogen • • 892*15 X '2440 = 95*68 

100 Kilogrammes of fuel 602-17 X *2678 =: 16100 

Bbowing that the specific heat of the gases» taken together, 
is *267d, and that the 602 kilogrammes of gases produced 
from 100 kilogrammes of the fiiel absorb 161 calories for 

each degree of temperature. 

The quantity of air necessary to burn these 602 kilo- 
grammes of gases, allowing a surplus of 20 percent, over the 

quantity chemically consumed in forming carbonic acid and 
aqueous vapour with the carbon and hydrogen respectively, 
amounts, according to M. Eraus^ to 788*69 kilogrammes, 
comprising 181-81 kilogrammes of oxygen and 607-38 kilo- 
grammes of nitrogen. The volume of this quantity of air at 
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62^ Fahr., at the rate of 13* 14 cubic feet per pound weighty 
or 28*97 cubic feet per kilogramme, is 22,8^0 cubic feet. 

The volume of the 602 kilogrammes of gases as produced, is 
equal to (602-17 -9128 X 28-97 =) 19,110 cubic feet at 
62^ Fahr. 

The total capacity for heat of this quantity of air, of which 
the specific heat is -288, is equal to (788-69 X -288 =) 
187'76 calories per l"" G. of temperature. 
• By the conversion of the carbon into carbonic oxide and 
acid, and of a part of the hydrogen into water, there are 
generated 278,584 calories, or French heat-units ; thus 

Kjlogrammea. Calories. 

66-803 Carbon into Carbonic Oxide . . 165,671 

11-660 „ „ Acid . . 93,405 

•421 Hydrogen into Water . . , 14.568 

273,6^' (a) 

The total heating power of 100 kilogrammes of coal 
amounts to 862,961 calories 

Oaloriei. 

84*88 Oarbim into Oarbonic Add • • • 681,790 
C'lT Hydrogen into Water . . • . 181,171 

862,961 (b) 

Dividing the quantity A, the heat disengaged in the 
generator, by the quantity B, the whole heat of combustion, 
it is found that the former is 81*7 per cent, of the latter. 

Hiot disengaged by the complete eonversian of the gases in 
the Furnace, — Dr. Siemens allows 20 per cent, excess of air 
in the furnace above that which is chemically consumed in 
combustion. The gases of 100 kilogrammes of coal yield, in 
burning, 587,891 calories, thus : — ■ 

Kilogrmmmes. Calories. 

lo5 874 Carbonic Oxide into Carbonic Acid . 374,098 
8'028 Carburettrd Hydrogen mto Carbonic 

Acid and Water . • • . 104,804 

8*741 Hydrogen into Water • • . 108.489 

587,891 
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The prodacts of combustion, inclading 20 per eent. exeesB 
of air, are — 

BjlogTammea. 

Carbonic Acid 309-393 

Water 47'205 

Nitrog-en 999*527 

Atmospheric Oxygen • • • • 30*218 

1386-843 

Of which the capacity for heat is fonnd by maltiplying the 
items respectively by their specific heats : — 





KflogrammM. 




Speoifioheai. 


Calodn. 


Carbonic Add • 


309 393 


X 


•2164 = 


66-952 


Water 


47*205 


X 


•4750 = 


22-430 


Nitrogen • • 


999-527 


X 


•244C = 


243-886 


Oxygen • • 


30*218 


X 


•2182 = 


6-588 




1386-343 


X 


*24o2 = 


339-845 



That is to say, the products of combnstion absorb 3 39*845 
units of heat for 1° G. of temperature, and the rise of tern- 

(587 S91 \ 
' = 1 
o89*84o / 

1788** C, equivalent to 8128** Fahr. 

Distribution of the Heat, — For the purpose of estimating 
the distribution of the heat produced, M. Kraus analyses the 
performance of the heating-furnaces at the Songland iron- 
works, in the department of I'Aisne, France, constincted on 
the Siemens system. This furnace heats 14 piles of iron, 
weighing 50 kilogrammes, or 110 lbs. each. From a quan- 
tity of iron equal to 9,000 kilogrammes, or about 9 tons, 
heated in this furnace, 5,600 kilogrammes, or about 5*6 tons 
of blooms, exdnsive of ends and wasters, were produced for 
the manufacture of plates. The quantity of Charleroi coal 
consumed was 2,000 kilogrammes, or about 2 tons per day 
of 24 hours — ^at the rate of 4*44 cwt. per ton of iron heated. 
It is assumed that the composition of the gases is the same 
as that of the giises at Saint Gobain. 

The 2,000 kilogrammes of coal contain 10 per cent, of 
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ash ; leaving 1,800 kilogrammes of net eoaL Ihe valves 

were reversed every half-hour; and in each interval 
Sli kilogrammes of coal were consumed, developing 
(587t891 -7- 87*5 =) 220,272 calories* 

Loss by the Chimney. — Suppose that the temperature in 
the chimney be taken at 100° C, or 212"" Fahr., which is 
easily obtained. The burnt gases of 100 kilogrammes of 
coal, weighing 1,886 kilogrammes, have a capacity for 
839*85 calories per l"" C, and for 87 kilogrammes of 
coal, the gases, weighing 620 kilogrammes, have a capacity 
for 127-50 calories per 1° C. For 100** C, the total heat 
carried off would amount to (127-500 x 100 =) 12,750 
calories. If the gases be not cooled below 200° C, they 
would carry off 25,500 calories by the chimney. Allow that 
the actual loss amounts to, say, 25,000 calories. 

Lou by transmiisum through the WalU of the Regenerator*— 
M* Kraus assumes that the gases leave the furnace at the 
temperature of the welding-heat of iron, which he takes at 
1,600 0., or 2,912'' Fahr. His calculation, in which he 
employs the formulas of MM. Dulong and Petit, conducts 
him to the conclusion that the loss of heat by radiation and 
conduction through the walls amounts to 27»750 calories 
for each half-hour. 

Quantity of Heat absorbed by the Iron, — To heat 9,000 
kilogrammes of iron to, say, 1,600 C, or 2,900^ Fahr., in 
24 hours: the specific heat is «185, and the heat thus 
absorbed is (9,000 x 1,600° -f- -185 =) 2,664,000 calories 
in 24 hours, or 56,500 calories in each half-hour.* 

Quantity of Heat lodged in the Furnace. — ^To maintain 
the necessary temperature, and compensate for losses by 
transmission through the enclosure, the heat required 

^ M. Kraus aasnmed for calculation the ordinarily assigned specific 
hoat of iron, '114 ; but M. Ponsard has shown good reason for adopt- 
ing the Talue *186 for very high temperatorea, and this value is em- 
ployed in the text. 

P 
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is 112,766 calories, an amount which is obtained by dif- 
ference* 

BmncAftT or thb Distrxbvtion of thb Hbat of 37^ Kiloosajous 

OF Coal. 

Calories. Per cent. 

For the conyersioii of the fuel into gas 102,593 or 31*7 

Calories. Per cent. 
Loss "by t'himney . . . 25,000 or 7"7 
Loss 111 rough walls of Regenerator 27, 750 or 8-6 
Absorbed by the iron . . 55,500 or 16*5 
Lodged in the furnace and loss 
through walls • . 112,766 or 35*5 221>016 or 68-3 

328,609 or 100*0 

The net heat utilised in heating the iron is shown to 

amount to 16^^ per cent, of the total heat of combustion, oi 
to 25 per cent* of the heat which is generated in the f omaee. 

Quantity of Heat intercepted ly the Begeneratore. — ^The burnt 
gases, on leaving the iurnace, have a temperature of 1,600° C, 
and carry off (127-60 X 1,600 =) 204,000 calories in half 
an honr. In this expression, 127*60 is the capacity for 
heat of the bnmt gases from 87i kilogrammes of coal. Of 
these 204,000 calories, the chimney takes ofif 25,000 ; the 
walls of the regenerators traversed hy the flames take 
(27,760 -T- 2 =) 18,876; and the remunder, 165,125 
calories, are retained by the regenerators, and are available 
for heating the air and the gases approaching the fomace. 
> Supposing that the compartments of the regenerator for gas 
and for air are of equal capacity, then, in each there are 
(166,125 -f- 2 =) 82,662 calories stored up. The qnantitj 
of the gases produced from 87^ kilogrammes of coal v 
(602 X 37-5 -T- 100 =) 225 75 kilogrammes ; of which the 
capacity for heat is (161 x 225*76 -f- 602 =) 60-88 units 
per 1^ C. of temperature. Then, the gases are raised, 
by the absorption of 82,562 calories, to the average tempera- 
ture (82,662 ^ 60-88 =) 1,867 C, or 2,492° ¥ahi. 

The capacity for heat of the air necessary to bum the 
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gases, including 20 per cent. exccBs, was calculated to bd 
187-76 calories per l"" C, per 100 kilogrammes of ooal. 
For lbs. it is (187-76 X 87* -r- 100), or (187-76 X 226-76 
-f- G02 =) 70*41 calories per 1 C. ; and the air is raised to 
the temperature (82,562 -i- 70*41 =) 1,172 0., or 2,109 Fahr. 

It is desirable that the air and the gas should be raised to 
the same temperature, and, for this object, the air-compart- 
ment is made larger than the gas-compartment. The mean 
temperature of the air and the gas, if heated to the same 

A ^ ij 165,125 165,125 ^ 

degree, would be ^-^ ^ = -^^^^ = 1262 0., or 

2,272 Fahr« 

The mixture of air and gas should, then, have a mean 
temperature of 1,262 C. before combustion. After com- 
bustion, the 165,125 calories are distributed amongst the 
burnt gases, of which the capacity for heat is a little less 
than that of the gases and the air together before combustiou, 
being 127*50 instead of 180*79. The temperature given by the 
regenerator to the products of combustion is, therefore, 
(165,125 -r 127-50 =) 1,295 C, or 2,363 Fahr., which 
are added to the temperature generated by combustion. 
The combustion of the gases produces 1728*" 0. of heat, and 
the sum of this and the heat supplied from the regenerator, 
namely, 1,295° C, is equal to 3,023° C, or 5,477° Fahr. 

Dr. Siemens recently stated,* with reference to the per- 
formance of the regenerative furnace, that a ton of iron could 
be heated to the welding point with a consumption of 7 cwts. 
of coal, — a quantity considerably greater than the quantity 
given by M. Eraus, page 812 ; and that a ton of steel could 
be melted with a consumption of 12 cwts. 

Dr. Siemens,! several years ago, made numerous appiica- 

* In a leotore ^On the Utilisation of Heat and other Material 
Forces," delivered at Glasgow, March 4th, 1S7S ; page 19. 

t Li his paper on A Steam Jet," in the Jhroeeedin^i of the Imtitu 
tioti o/Mechanieai Enginewt^ 1S72; page 109. 
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tions of a jet of steam, peculiarly designed for efiiciency, 
anranged as a blower, drawing and foreing air for aceelerai- 
ing the distillation of fuel in his gas-prodneors. The 
blower is built into the side wall of the producer, and the 
combined ennrent of air and steam delivered by it issues 
fhrongh an opening into the space nndemeath the grate , 
which is closed by doors. The small proportion of steam 
that enters together with the air is jost sufficient to assist 
beneficially in the production of the ccnnbnstible gas, by 
being converted into carbonic oxide and hydrogen. The 
advantages found to result from applying these blowers to 
gas-producers are, that coal*du8t of the most inferior de- 
scription can be used, and that the production of gas in each 
producer, in consuming small fuel» is raised from 1^ tons to 
8 tons, in 24 hours* 
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CHAPTES XXU. 

THE PONSABD GAS.FU£NACE» WITH B£CUP£RATOJEL 

Thb PoDBard gas-loniacey Figs.- 185 to 188, like the Siemens 
furnace, recovers by means of a recnperator " a large pro- 
portion of the heat carried from the furnace by the burnt 
gases. Oazogenes of different forms are employed, according 
to the nature of the combustible. There are ordinary 
gazogenes, constructed ^vilh grates, in the manner already 
described, supplied with ordinary atmospheric air; and 
there ai*e gazogenes which are supplied with heated air, — 
gazoghxes siirchauJeSf — which are supplied with air previously 
heated by the recuperator.'*' 

The superheated gazogene" is very different in form 
from the ordinary gazogene : it has not any grate, the use 
of which» traversed by highly heated aur, at a temperature 
of from lfiO(y* to 1,800^ Fahr., is impracticable, as an iron 
grate would be quickly destroyed by the heat of the air 
passing through it. The generator consists simply of a 
close rectangular chamber, below the surface of the ground, 
having a level floor, and arched over. It is supplied with 
fuel through a longitudinal opening from above, which is filled 
up until it blocks and closes the openings, so that there is 
no direct communication with the external air. The current 

• An excellent accoimt of the Ponsard furnace, contributed by 

jSI. Sylvain Porisse, is published in the "Memoires do lu Societe des 
Ingenieurs Civils," 1874 ; j^age 752. 
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of heated air enters the chamber at one flank of the heap of 
fael, and traverses it ; whilst the gas which is generated by 




this means passes on through a passage from the other flank 
of the heap. Ash and slag settle down on the Hour of the 
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chamber, and are cleared out from time to time, by doorways 
in the sides of the chamber, which are usaally closed up. 

The reeuperator is eonstracted of firebrick. A rectan- 
gular chamber is divided by a number of vertical diaphragms 
into compartments, occupied alternately by the burnt gases 
and the air for the fomaee. The heat of the gases on one 
side passes latoially through the diaphragms to the air on 
the other side, and, that the air may freely circulate from 
one compartment to another, the air-compartments are con- 
nected by numerous hollowed bricks, through which the 
currents may pass, and which serve at the same time to 




fig. m.—ThQ Ponaard tiu-lTunuifie.— Superheated Gangoie. 

increase the heating surface, and conseqnenfly also the com- 
pactness and efficiency of the apparatus. In the figures it is 
shown that the hot burnt gases enter the recuperator at the 
upper part, descend through the compartments 6, 6, &c., and 
pass out at the lower part, towards the chimney; whilst, 
on the contrary, the cold air enters at the lower part, passes 
npwards through the compartments a, a, &c., and passes out 
at the upper part. By this arrangement, each of the strata 
or sheets of air is enclosed between two envelopes of hot 
gas, and absorbs heat continuously from the brick diaphragms 
between which it is enclosed, for the whole height of the 
traverse. Ihe transverse, or bonding bricks, as they may be . 
called, are so alternated, vertically as well as laterally, that . 
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they do not interfere with such variable expansion and con- 
traction as may be brought into play, and are therefore the 
less likely to cause dislocation. The admission of the air to 
the recuperator is regulated by a damper. 

The hot gases, in descending, naturally occupy every 




Fig. 137.— The Ponsard Gus-ir'iunace.— Longitudinal Section tluough Recuperutor. 

portion of the space into which they enter, and through 
which they pass. This is a peculiarity of a descending 
current, — to be found also in the Siemens regenerator ; 
whilst, again, the ascending air, expanding as it goes, natur- 
ally, though by another kind of effort, occupies every portion 
of the passage through which it ascends. 
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When it is required to divide the supply of air, so as to 
draw oflf a portion of it for the supply of the gazogene, the 
current may readily be split, by building up a solid iron 
partition in each air-space at right angles to the diaphragms. 
The separated current, controlled by a damper, may thus be 
led oH' apart from the main body of the current of air des- 
tined for the supply of the fomace. There are, in this case, 
two distinct recuperators within one chamber. 

A recuperator constructed of bricks of the ordinary sizes, 
presents a total surface of 190 wjoare feet per cubic yard of 
volume, calculated from outside dimensions ; of which one 
half is employed in cooling the burnt gases, and the other 
half in heating the air. The weight per cubic yard is about 
1,500 pounds, and the cost is 60«. per cubic yard, when 
bricks cost 4td. per cwt. The bricks are formed with 
grooves to receive the fire-clay with which the joints are 
made, and to insure air-tight jointing. But leakages, when 
they do happen, are harmless for explosion, since the ele- 
ments in presence of each othef are not explodible. It is 
true, nevertheless, that in the construction of the recuperator 
a greater degree of care is required than in that of the 
regenerator. 

M. Perisse deduces from the results of his observations 
that the conductibiUty of hre-brick augments with the tem- 
perature. By numerous experiments with a water pyrometer, 

he has tested the temperature through which the air is 
raised, in passing through the recuperator, and he finds that 
it ranges between 1,000^ and 1,100"" C, or 1,800*' and 

2,000" Fahr. 

Liaboratory. — This is the name given by M. Ponsard to the 
combastion-cbamber, which is placed above the levels of the 

gazogene and the recuperator. The gas and the heated air 
arrive, therefore, in the laboratory, with an ascensional force 
of aboat a fifth of an inch, more or less, and do not depend 
upon any mechanical means of creating a draught. The ccm- 
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bustion is, then, efTocted under pressure ; and the relative 
proportions of the air and the gas, as well as the regalaiiou 
of the draughty are regulated by means of three dampers, 
two of which control the elements, and the third is placed 
at the hase of the chimney. The operation of the furnace 

is continuous. The com- 
bustible gases are led 
direct to the furnace 
without being cooled 
down, as in the Siemens 
furnace ; and there is 
no deposit of tar or of 
hydro- carbons in the 
passages. 

The excess of atmo- 
spheric air required for 
effecting complete com- 
bustion in the furnace, 
it is estimated, need not 
exceed 10 per cent, by 
weight of the products 
of combustion. 

Faiisard Furnace at 
the Basaele Forge^ Tou- 
louse. — This furnace was 
constructed for heating, 
to a welding-heat, piles 
of old iron, for the manu- 
facture of hoop iron, 
wheel-tyres, and the like. The piles, weighing from 100 lbs. 
to 180 lbs. each, are welded, and each pile is rolled into 
two billets from 20 to 80 inches in length. The bUlets 
are reheated in the furnace and then rolled into merchant 
iron. 

Previously to the emplo;^ ment of the Ponsard furnace, which 




lig, 188.— The I'ons'ird r;.is-fnrnaoe.— Tians- 
verse Sectiou of Bee perator. 
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was started in October, 1872, the work of the forge was done 
with two ordinary ftimaces, having a maximnm width of 

4 feet 7 inches, and a length of 7 feet 10^ inches, with a 
square fire-grate having 8*7 square feet of area. These have 
been snperseded by the Ponsard furnace, which alone pro- 
duces 80 per cent, more iron than the other two together. 
The hearth of the new furnace is 6*56 feet wide and lOi feet 
long. There are two charging doorways, of which the 
doorway farther from the gazogene is used for receiving the 
piles ; the piles are afterwards moved up towards the second 
doorway, by which they are taken out of the furnace. The 
billets are always introdaced cold by the nearer door; 
they arrive at a welding-heat in from ten to twenty minutes, 
according to size, whilst the piles are being heated opposite 
the farther door. 

There is one gazogene, of the ordinary construction, 
supplied with Decazeville coal of the size of hazel-nuts 
(petitcs noisette) y of which the constituents by destructive 
distillation, after having been desiccated at 280" Fahr., are 
as follows :— 



Water I*e0 

Aflh 11*40 

Ck)ke (dull) 40*e0 

Yolatilised matters • • • • • 87*10 



300-00 

The recuperator has a total volume of 381 cubic feet, or 
14 cubic yards ; with a total heating surface of 1,864 square 
feet. The weight of special bricks amounts to 9\ tons, 
equivalent to 1,480 lbs. per cubic yard. The heating 
surfiEice amounts to 97 square feet per cubic yard, and as 
much for the coaling of the burnt gases. 

The quantity of iron charged into the furnace during a 
given fortnight of uniform work — under unusually &vour- 
able conditions— amounted to above 20 tons in the 24 
hours. During the fortnight previous to making a thorough 
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repair of the recaperator, when it was out of order, the 
quantity eharged did not exceed 15 tons in the 24 hours. 

The quantity of Decazeville coal consumed in 31 days 
of the month of May, 1874, was 119*60 tons, of which 
58*10 tons were consmned by day and 61*50 tons by night. 
On Sundays, the fire was slackened, as the furnace was not 
at work. For six days in the week, the fuel was consumed 
at the rate of 4*20 tons ; for the 24 hours of Sunday the 
rate wan only 1*70 tons. For the whole week of seven 
days the consumption was, consequently, 27 tons ; being, 
for the fortnight's performance ahready noticed, at the rate 
of 493 pounds, or 4*41 cwt., per ton of iron charged. 

To compare with this performance, it may be stated that 
each of the old furnaces consumed nearly the same quantity 
of coal as the Ponsard furnace does now, whilst the new 
furnace produces about SO per cent, more iron than the two 
old ones together. The resulting economy of combustible, 
therefore, amounts to about GO per cent. ; besides, the coal 
formerly consumed was from Carmaux, a dearer coal than 
the Decazeville coal. 

The average results of the comparative performances of 
the Ponsard and the old furnaces are thus summarised by 
M. P61egry : — 



t 


Ponsard 
furnace. 


Two old 
fUmaoes. 


Iron charged into the furnace in 24 hours 
Production per month of 24 working ) 

days, in piles subjocted to two heats j 
Coal consumed, incbiding days of rest ) 

(mixture of Decazeville and Carmaux > 


17 tonnes 
200 do. 

120 do. 

662 Ibe. 

(372 lbs. or 
6 cwt 


12*6 tonnes 
160 do. 

180 do. 

1,323 lbs. 
1,314 lbs. or 
12 cwt. 



Here an economy of 50 per cent, is exhibited. Seventeen 
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months after the Pousard furnace was started, the recapera- 
tor wa8» for the first time» entirely rebuilt. The eooling- 
down and the relighting of the recuperator occupied 4 days 
each, and the total time during which the furnace was off 
daty for this repair was 15 days. M* Pelegry estimates 
that the furnace must be stopped for repair 15 days every 
quarter. The grate is cieaDed every 12 hours. A high 
temperatore in the gazogene is preferred, as it increases the 
production of the furnace, and the consumption of fuel per 
ton is less. The recuperator is cleaned out every week : the 
gas-flnes are cleared every 12 hours. Xhe cleaning is easily 
done, through cleaning- doors conveniently placed. 

PONSABD FufiNAGB, SuFEBHEATING, AT ViEUX-COMDi (NoRd). 

This furnace has been in operation since July, 1873. 
It is at work from 6 a.m. to 6.30 p.m. every day, 
except Sundays, for reheating bar-iron used for the manu- 
facture of nuts and other small forgings. During the re- 
maining 8 hours of rest, out of the 24, the gazogene is 
kept alight by receiving a double charge, whilst the three 
dampers are closed until 3 a.m., when the stoker arrives, 
and restores the furnace to good working order by 6 a.m. 
The hearth of the furnace is 28 inches wide, and 6 feet 
4 inches long. The gazogene is 3*28 feet wide. The recu- 
perator has a volume of 124 cubic feet, or 4*57 cubic yards, 
with 8*20 tons of special bricks, weighing 1,668 lbs. per 
cubic yard. The heating surface for the entering air is 
430 square feet, and there is an equal surface for receiving 
the heat from the burnt gases. There is 94 square feet of 
surface, on each side, per cubic yard of the recuperator. 

The work of the furnace varies, but it consists chiefly 
in heating 10 bars at a time, for the manufacture of nuts for 
bolts of from i% inch to lA inches in diameter. These 
bars are from 8 feet to 10 feet long : they are withdrawut 
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one at a time, from the furnacei and taken at a white 
heali to the panehing maehine. They are reheated six 
times before they are exhausted. Cold bars 1*86 inch by 
1 inch are heated to a white heat in 3^ minutes ; and bars 
1*2 inches by *80 inch are similarly heated in 2 minntes 
40 seconds. These smaller bars are heated up from a red 
heat in 2 minntes 10 seconds. From 2 to 2i tons of nnts of 
average size, corresponding to 10,000 or 12,000 in nnmber, 
are manufactured per day of 11 hours. With the old furnace, 
only 1*57 tons per day were turned out. 

At the Ponsard furnace, from 2,400 lbs. to 2,600 lbs. of 
bituminous coal were consumed per day, containing 24 per 
cent, of ash. The old furnace consumed twice as much per 
day, of the same coal ; and the heat of the burnt gases was 
employed to generate steam in an old boiler, sufficient to 
supply an engine of 12-horse power. The burnt gases from 
the Ponsard furnace are hot enough to be utilised in heating 
a Field boiler, which it was designed to put down. From 
the following comparative statement of the consumption of 
fuel, it appears that there is a clear saving of 60 per cent, 
for given weights of screws turned out : — 

Old FujiNACB. 

Coal per day ........ 

Deduct for supplying 12-lior8e power, at 6*62 lbs. 
per hour per horse power, for 11 hours 

Bal&Dce for 1*57 tons of screws .... 
Or, per ton of screws 

POKSASD FUBN AOB. 

Coal per day, for 2*16 tons of screws , • . 2536 lbs. 
Or, per ton of screws 10*5 cwt. 

It is estimated that the waste of iron has been reduced 
from 5 per cent, by the old furnace, to from 2 to 3 per cent 
by the gas-furnace. 



lbs. 
4961 

880 

4081 
28*2 cwt 
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Tlie grate is cleaned three times a day. The recuperator 

is cleaned every 15 days, or every month. 

PONSABD FUBNAGESy AT SaN GlOVAMlIXy IN THE YaL d'AbNO 

(Tusgant)* 

The fad used in these fomaces is exclusively lignite^ con* 

taiiiing, when mined, from 40 to 50 per cent, of water. 
When air-dried, it loses about one-half of the water. In its 
ordinary condition for use, large and small, it contains 
from 20 to 25 per cent, of water, and 15 per cent, of ash. 

The reheating furnaces to which the Ponsard principle is 
applied, have rectangular hearths, 4 feet 9 inches vride, and 
9 feet 10 inches long, with two doors. The recuperator has 
a volume of 295 cuhic feet, or 10*92 cubic yards, and a 
heating surface of 1,082 square feet, or 94 square feet per 
cubic yard. It weighs 7*4 tons, or 1,954 lbs. per cubic 
yard. The area of grate for each gazogene is 28*4 square 
feet ; and for each grate from 6*70 to 6*90 tons of lignite 
are consumed })er day of 24 hours, being at the rate of about 
22 lbs. per square foot of grate per hour. 

The production depends on the hygrometric condition of 
the fuel, and the time during which the generator has been 
lighted. It is absolutely indispensable that the furnaces 
should be lighted 12 hours before the iron is charged. It is 
better to wait even 18 or 24 hours. The production does 
not arrive at its maximum until 5 or 6 days after the hre is 
lit, and even longer, if the lignite be not very dry. On 
several days during the winter of 1873-74, the lignite 
supplied for the furnaces contained 50 per cent., or more, of 
water. With such fuel, the production did not amount to 
more than 3 or 8 J tons of iron in 12 hours ; whilst it easily 
reached 5 or 5^ tons per day, when the fuel did not contain 
more than 20 or 25 per cent, of water. 

According to the results of an observation made on the 
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inflaence of the length of time since lighting the farnaee, on 
the rate of prodnotiony one of the fnrnaces, after having 

been alight 12 hours, produced 8,783 lbs. of round merchant 
iron in 12 hours* Five days later, the production in the 
same time was increased to 7,861 lbs. of round iron, plus 
2,198 lbs. of flat iron ; in all, 9,559 lbs. Two days still 
later, the furnace produced 11,607 lbs. of flat iron; and 
four days after that, 18,681 lbs. Next day the fire was put 
out, and relighted ten days afterwards. After it had been 
Again alight for 12 hours, the production only amounted to 
7,478 lbs. 

The waste of iron forms a higher per-centage when the 
production is lower. For instance, on the first day above 
mentioned, the waste amounted to 26 per cent. ; that is, 
126 lbs. of puddled iron were required for the production of 
100 lbs. of finished iron. Four days later, it was reduced to 
9 per cent. 

It appears that the quality of iron treated in the lignite 
furnaces is much improved by the process. The flame is 
constantly firee from oxygen. This freedom from oxygen 
has been proved by the melting of copper without oxidation. 
The oxidation of the iron is due entirely to the presence of 
aqueous vapour in the lignite-gases, which is decomposed. 

During an exceptionally good day's work, in the manu- 
fiu^ture of bars about If inch by ^ inch thick, 81*80 tons 
were charged, in the two furnaces, and 29*67 tons were 
produced. The fuel consumed amounted to ll|^cwt. per ton 
charged, and to 12 cwt. per ton produced. These were 
minimum consumptions. The consumption of fuel is rapidly 
augmented when the proportion of water is increased. 

FuddUng Furnaces, — ^The Ponsard system is applied also 
to puddling furnaces at San Giovanni. Lignite very well 
dried is required for these furnaces. When the fuel holds 
40 or 50 per cent, of water, it is impossible to obtain a tem- 
perature sufficiently high to properly reduce the iron. The 
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scoria remains pasty, and is mixed with the iron. The pro- 
duction of {I puddling furnace averages 2 tons in 24 hours. 

M. Perisse adds, in 1875,''' that at the iron- works of 
MM. Harel ft Go.y at Pont-Evdqne» a puddling famace pro« 
duces from 14 to 20 tons of rolled iron in the 24 hours, 
with the consumption of from 4 cwt. to 4*43 cwt. of coal 
per ton; whilst, for the same production, the ordinary 
furnaces eonsnme from 10 cwt. to 12 cwt. per ton. The 
immediate economy, irrespective of the utilisation of heat for 
generating steam, amounts to upwards of 60 per cent 

Steel-Jieat'uuj Furnace, — M. Perisse adds that at the works 
at Seraing, the consumption of fuel for heating steel ingots 
for the manufacture of rails amounts to from 8*2 to 8*4 cwt., 
consisting of from 80 to 85 per cent, of coal, and from 
15 to 20 per cent, of cinders. 

ComlmsHble OauB generated in the Pomard Fumaee»-^M. 
Ponsard gives a comparative table showing approximately 
the composition of the combustible gases generated from 
various coals in his producers, averaged from several series of 
observations, under varying conditions :— 



PONSAIID GaZOOBNBS. — CoMBUSTniLB QasVS. 



Products of the 
Qazogene. 


I. 


IL 




IV. 


V. 


ObtervationB. 


Carbonic oxido . . 


percent 


I>er cent 


per cent 


percent 


per cent 




21-0 


25 0 


22 5 


220 


24-0 




Carbonic acid . . 


6-0 


40 


4-5 


4-4 


40 




itrogen .... 


610 


600 


670 


52-0 


650 


Calculated. 


Hydrogen und 1 
Hydro-carbons / 


120 


110 


160 


216 


170 


By difference. 


By Tolume . . 


100*0 


lUO-0 


100*0 


100*0 


1000 





The values in the first and second lines are found directly 

by analysis on Orsat's method ; for the third line, nitrogen, 

^ " Mteoires dii la Soci^te des Ing^nieurs Oiyils/' 1875 ; page 2^2. 
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the oxygen required to form the oxide and acid in the first 
and second lines, was in the first place calcolated. Then for 
the three columns I., n., III., corresponding to ordinary 
gazogenes, half the oxygen found in the coals was de- 
ducted ; the other half being assumed to be in combination 
with hydrogen. For the Analysis HE., the oxygen supplied 
by the water evaporated under the grate is also deducted. 
In Analyses IV. and Y., pertaining to superheated gazo- 
genes, the whole of the oxygen found in the coal has been 
deducted, and also the oxygen in the steam introduced in 
case lY. The amount of atmospheric oxygen having thus 
been ascertamed, the quantities of nitrogen were easily 
calculated. 

In Analysis L the coal used vrar of the nature of coking 
coal ; it contained from 9 to 18 per cent, of ash. Deduct- 
ing ash, the coal, as pure coal, after having been desiccated 
at 280'' Fahr., yielded— 

Ck>ke 79 to 81 

Volatile products • • • • • 21 to 19 

100 100 

Cinders, representing about a fifth of the fuel, were 
charged with the coal. The gazogene was fed with cold air, 

and was worked very hot, — ^rather too lively, — owing to 
circumstances. 

In Analysis H, the charge consisted of fths of bituminous 
coal, of the type of gas-coal, and fths of cinders. The 
gazogene was supplied with cold air ; it was worked slowly, 
the temperature of the gases being 1,200^ Fahr. 

In Analysis m., for an ordinary gazogene, the charge 
consisted of smithy coal, yielding 73 per cent, of coke, 
and 27 per cent, of volatile products* The coal contained 
20 per cent, of ash ; no cinders were added ; the gase^ 
escaped at the temperature 1,560° Fahr. Water was distri- 
buted as spray below the grate. 
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lu Analysis lY.i for a superheated gazogene, working ai 
the temperature of melting copper (1»996^ Fahr.), supplied 
with air from the recuperator, containing a very Bmall 
quantity of vapour, gas-coal was used^ which yielded 
65 per cent, of coke, and 85 per eent. of volatile products. 
It contained from 15 to 20 per cent, of ash. 

In Analysis V* the conditions were the same as the 
Analysis IV*, except that the air was dry. 

Comparing IV. with V., the effect of the addition of 
water to the air in IV. appears in the greater per-centage 
of hydrogen and its compounds ; and it appears also in com* 
paring I. and II. with III. The effect of quicker conver- 
sioUy together with a smaller allowance of cinders, is seen 
by comparing 1. with II: — a less proportion of carbonie 
oxide, aiid a greater proportion of carbonic acid. 



CHAPTER XXin. 



GOEMAN'S HEAT-BESTOBING GAS-FUBNACK 

Mr. W. Gorman, of Glasgow, whose furnace for burning 
eofd under steam-boilers has already been noticed, introduced 
his Heat- restoring Gas-furnace," about the year 1870, in 
the neighbourhood of Glasgow.* It is shown in vertical 
section, in Fig. 189. The gas prodacer is formed differently 
from others which have been described : having a horizontal 
grate, surmounted by a deep square chamber, in which a bed 
of coal to the depth of two feet is in combustion. The com- 
bustible gas meets and mingles with the heated air for com- 
bustion, introduced at the entrance to the heating chamber. 
The heat-restorer,*' employed for heating the air, is placed 
beneath the heating chamber. It consists of a number of 
fire-clay pipes laid horizontally, through which the cold air 
circulates, and from which it absorbs the heat brought down 
by the hot gases which traverse the pipes externally, thence 
passing to the chimney. The bed of the furnace above illus- 
trated, is Bi feet wide, and 7^ feet long. In such a furnace, 
employed for heating air, at the Mossend iron-works, the pro- 
duction of rolled iron required a surplus of Si per cent, of 
iron charged ; whilst, with an ordinary furnace, the production 
required a surplus of 12j- per cent. At Coatbridge, the con- 

* ** On the Heat-restoring Gas-furnare ; " a paper by Mr. W. Gorman, 
in the Transactiotts of the InstUiUion of Eugmeirs in Scotland^ 1871; 
p. 245. 
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gtimption of coal per ton of iron eharged and heated, 
amounted to 8*80 per cent, in tlie old furnaces, and to 4*44 
per cent, in the gas-furnace. 

By the adoption of the principle of direct transmission of 




heat in the furnace, from the hot gases to the entering air, 
through comparatively thin clay pipes, a considerable degree 
of heat-restoring capacity is developed within compact 
limits* 



CHAPTEIl XXIV. 

WATER-GAS GEXE1U.T0RS FOR HEATING PURPOSES. 

Some years ago, Mr. Joshua Kidd introduced a mode of 
gasifying fuel in conjunction with water. The fael and water 
were completely gasified^ and the rescdts obtained were 
sufficiently encouraging to induce others, according to Mr. 
S* W. DavieSy to work out the system to a practical issue.* 
The fandamental principle of the generator described by 
Mr. Davies, is that of the gazogene employed in manu- 
facturing operations. A blast of air is propelled, by the 
inductive action of a jet of superheated steam, into and 
through the fuel. Whilst the air is transformed into 
carbonic oxide and nitrogeui the steam is decomposed into 
its elements, hydrogen and oxygen; and the oxygen is 
converted into carbonic oxide. The decomposition of the 
steam is complete, and the resulting gaseous mixture 
consists entirely of carbonic oxide, hydrogen, nitrogen, and 
the inevitable proportion of carbonic acid. The supply of 
steam is generated in the fire-chamber itself; and as the 
whole apparatus is self-contained, the whole of the steam 
required for the purpose of the blast can be utilised as fuel, 
seeing that it is wholly transformed in passing through the 
fire. This method of procedure, — ^the generation of water- 

* See an excellent paper by Mr. S. W. Davies, on '* A new method 
for produdng cheap Heating Gas for Domestic and Manufacturing 
Poiposea,*' in the Journal of the Society ofArUy A|»il 12, 1878, page 
444. 
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gas — ^is Bubstantially the same as Dr. Siemens employed 
some years ago for the supply of air to his gazogene.* 

The generator of Mr. Davies* apparatus consists of an 
upright cylinder of cast-iron or wrought-iron, resting on and 
opening into a smaller eylinder, containing the fuel which 
rests on a grate near the lower end of the cylinder. The 
bottom of the lower cylinder is air-tight, and the blast is 
delivered into it under the grate. The steam-generator 
consists of a coil of thick wrought-iron pipe, which is placed 
within the upper cylinder, and is supported by it. The 
lower end of the coil is protected from the direct heat by a 
coating of gannister. The two ends of the coil are turned 
out through the side of the cylinder ; the lower end being 
connected to a cistern or an accumulator under pressurei for 
the supply of water, and the upper end with a steam-pipe of 
smaller diameter, which is led down outside the apparatus, 
and is terminated by a small steam-tap immediately in front 
of the blast-pipe. A hopper for the supply of fuel is adapted 
to the upper end of the upper cylinder ; aud is fitted with a 
heavy gas-tight valve, by opening which at intervals, fuel is 
introduced into the generator. By another opening, the gas 
is conducted from the generator, and through a third open- 
ing, the state of the interior may be ascertained by inspection. 

The supply of water to the coil for conversion into steam 
in a self-acting manner, by means of the steam-tap, is regulated 
so that the water is not only wholly evaporated, but is also 
superheated, in the upper part of the coil. The back pressure 
of the steam, prevented from escaping too rapidly, necessarily 
limits the space in the coil occupied by the water. An 
accumulator S feet high, 9 inches in diameter, is sufficient, 
even with so high a pressure as 60 lbs. on the square inch, 
for the service of a generator jdelding 4,000 cubic feet of 
gases per hour. By a few strokes of the pump every quarter 
of an hour, the pressure was maintained, and the coil was 

* Page 316 wUe. 
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supplied with water. The accniimlator consists simply of an 

upright cylindrieal Tessel, provided with a force-pnmp and a 
pressure-gauge, and containing air, by the compression of 
whioh the required pressure may be obtained. With a 
water-pressure of 15 lbs. per square inch in the aeeumu- 
lator, a gas-pressure of above 1 inch of water is obtained in 
the generator. With 40 lbs. pressure, the gas acquired a 
pressure of 2^ inches of water — a good working pressure. 

The composition of the gases produced in the generator, 
from peat-charcoal and coals, has been determined by analysisi 
as follows : — > 

Composition op G-abks. 



FoeL 


Pressure of 
Wator. 


CSompoaition of Gaaea 
bj vohuna. 


Peat-charcoal 


' Um. per equare 
Inoh. 

IS lbs. 


per oeiit. 
CO . . 28-6 
H . . . 14-6 
COg . . 4 0 
K • • . 63 0 

100-2 


Anthracite • 


15 Iba. 


GO • • 22*6 

II . . , 10-0 
CH4 . . 4-9 
CO. . . 4-6 
N . • . 68 0 

1000 


Anthracite \ 
and steam- / 
coal (equal I 
parts) . . / 


SOlbfl. 


00 . . 28-S 
H . . . 9*8 

CH^ . . 6-2 
COa . . 6 2 
N . . . 61*3 

100-3 


• 

Anthracite 


eolbs. 


CO . . 26-4 
H . . . 13-5 
OH* . . 1-4 
CO2 . . 3-9 
N . . . S4-8 

1000 1 
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The quantity of the mixed gases prodaced has been care- 
fully determined. The gas from the generator was passed 
through 100 feet of S-inch pipe^ of which more than half was 
exposed in the open air ; and then passed through a krge 
meter. Before it reached the metcTi the temperature had 
been reduced to 60° or 70° Fahr. 



Quantity of Gas Produced per Pound of Fuel. 



FueL 


Preanmof 
Water. 


Volume of 
Qas. 


1. Anthracite 

2. Anthracite and steam-coal (equal parts) . 

3. do. do. do. 

4. do. do. do. 


ib«. per 

squiire inch. 
1.5 lbs. 
20 „ 
25 „ 
30 „ 
40 „ 


cubic feet. 

6y 5 

85-2 

88-84 

94-5 
over 100 



It is shown that the quantity of gas produced increases 
with the pressure ; varying from 155,680 cubic feet to 
224,000 cubic feet per ton of coal. 

It appears from the results of very carefully conducted 
trials, when the gases were burnt in the open air, that the 
volume of this water-gas required to generate the same 
quantity of heat, is as 5 to 1 of ordinary coal-gas. The 
heat was measured by raising the temperature of a given 
weight of water through a given number of degrees. 

To deduce from this datum the comparative cost of water- 
gas and ordinary coal-gas : — With a No. 1 generator, an 
average quantity of 1,000 cubic feet of gas can be produced 
per hour, consuming 10 lbs. of coal. For the working day 
of 10 hours, the quantity of coal consumed would be about 
1 cwt. ; and the gas produced, 10,000 cubic feet. The cost 
of its production is estimated as follows : — 

1 cwt. anthracite 11 

Wages of attendant 4 0 

Common coal and wood, for lighting the fire • 0 2 

Total cost . • .53 

a 
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The cost for the equivaleDt of 2,000 cubic feet of ordinary 
gas k from to 89. But the saving is shown to be mneh 

greater, when larger quantities are generated. Thus, a No. 2 
generator consumes about 85 lbs. of coal per hour, and 
pr|>daoes in that time 8»600 eubio feet of gas. To prodnee 

35|000 cubic feet of gas in 10 hours, the cost is as follows : 

a, d, 

Zi cwt. anthzacite 8 6 

Wages of attendant 4 0 

Common coele and wood, for lighting the fire • • 0 4 

Total cost . . 7 10 

The eost for the equivalent quantity of eommon gas, 
7,000 cubic feet, would be from 2is, 6d, to 28^., or more 
than three times as mneh as the cost for generator-gas. 
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POWDERED FUEL. 

It appears that Mr* John Bourne was the first pnblioly to 

advocate, in his patent of 1857, the use of coal or other fuels 
in the form of dust, for the generation of heat in furnaces. 
Aware that the more intimately and equally the mixtore 
of fuel and the air for combustion can be effected and 
regulated ; and that, necessarilyy the smaller the constituent 
particles of the fael can be rendered, the more efiectively 
and the more promptly can the desired mixture be accom- 
plished, he says, in the edition of his Treatise on the Bteam 
Engine*' published in 1861| page 858, **It appears to us 
that the fuel and the air must be fed in simultaneously, and 
the most feasible way of accomplishing this object seems to 
be in reducing the coal to dust, and blowing it into a chamber 
lined with fire-brick, so that the coal-dust may be ignitedi 
by coming into contact with red-hot surfaces," &c, 

Mr. T. B. Crampton, as early as the year 1868, instituted 
a long course of experimental investigation into the best 
means of generating and applying heat from the combus- 
tion of powdered coal. It is not only necessary," says 
Mr. Crampton,* " to have the means of brin^^ing together 
at will the proper equivalents of air and coal to insure perfect 
combustion ; but it is essential that the size of the coal 

* See a paper by Mr. Grampton On the Gombustimi of Powdered 
Fuel," in the Jawmal of th$ Iron and Stea iMtUitttt 1S7S ; page 91. 
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fiboulJ be (.letermmed, and that it shonlJ, during its flotation 
through the foinace, be so conducted that any overcharged 
and undercharged currents of air and coal should be con- 
tinually re-intermixed until the whole of the carbon is 
consumed ; otherwise, were not this attended to, there would 
be deposits of coal on one part of the furnace, and free 
oxygen on others." In delivering a mixed cuiTent of air 
and coal-dust through a pipe, it was discovered by Mr. 
Crampton that, at times, although an absolute mixture 
entered the pipes, conveying the coal and the air to the 
furnace, yet, under certain circumstances, the materials 
became separated, — ^more particularly when they bad to pass 
through bends — the coal being carried, by its superior 




rig. 140.— Crampton' 8 Powdered Tuel Fuiinice. 



momentum, to the outer part of the interior of the bend, and 
being thus led to issue from the pipe into the furuace, as a 
close stieam, unmixed with air. To compensate for this 
tendency to separate, Mr. Crampton, in bis experiments 
with fixed combustion-chambers, Fig. 140, introduced the 
mixed currents by several inlets, inclined downwards so as 
to strike the floor of the chamber, and to impinge upon each . 
other. The air and the fuel, playing over the floor, became 
re-admixed, and were at. once carried over the bridge into 
the heating chamber. 

The coal was reduced to powder sufficiently fine to pass 
through a dO-sieve, at a cost, for labour, of 6^. per ton ; or, 
including all charges, Is, per ton. The air-current was pro- 
duced by a fun -blast. 
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In the application of the new system to pnddling furnaces, 
at the lioyal Gun Factories, Woolwich, Mr. Crampton con* 
strnoted the furnace, shown in Fig. 141, in two compartments, 
a combustion-chamber A, and a puddling chamber B, opening 
into each other. It is not the purpose of the author to enter 
into details of constmction. Suffice it to add, that the 
furnace was cylindrical and rotary, and that it was kept 
cool externally by a water-jacket ; that the air was injected 
into the chamber A by an annular jet shown in section, 




Fig. 1^1.— Urampton's Powdered Fuel Eevolviiig Puddling Furnace. 



into which the coal-dust was continuously delivered, and which 

drew the dust with it into the chamber. The annular current 
was inclined outwards, and in expanding conically, it struck 
the chamber on all sides ; then, converging, it entered and 
passed through the puddling chamber, and thence to the 
chimney D, 

The temperature which could be produced in this furnace 

wns FO high that wrought iron was melted in it without 
difficulty : 60 lbs. of wrought iron could be melted in 8^ hours. 
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Mr. Crampton stated that, in such a furnace, scrap-iron 
eould be raised to a welding-heat, with the consump- 
tion of from 5 ewt. to 6 ewt. of coal ; whilst, from a sabse- 
quent report, it appeared that for puddling, from 17 ewt. to 
SO ewt. of coal was consamed per ton of paddled bar. 
Mr. Crampton subsequently made his revolving fiimace as 




Fig. 142.— Crampton' 8 Powdered Fuel RevolTing Puddiing Furnace- Single 

Chamber. 



a single chamber, a, Fig. 142, 4 feet 6 inches in diameter, 

made to revolve at a speed not exceeding 15 turns per 
minute. The mixed current from the pipe b is delivered 
across the flue-piece o, into the puddling chamber a, where 
combustion is completed. That the current may be delivered 
in a state of uniform mixture, the bend of the delivery-pipe is 
divided longitudinally by diaphragms, as shown, which divide 
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the current into sheets, and keep together the components of 
each sheet. The prodacts of combustion wind their way out 
to tbe chimney d. The effect of the sabstitiition of a smgle 
chamber in which the combustion should be effected in con- 
tact with the work, for the double chamber aheady noticed, 
was, as lb. Grampton reports,* most satisfactory. He 
found that it did not have any injurious effect, and that a 
more intense heat was produced, with a considerably less 
consmnption of fuel. Brickwork was eliminated from the 
construction of the furnace ; the lining consisted exclusively 
of fettling. With 6i cwt. charges of cold pig-iron, working 
night and day, the puddled bar was produced by a consump- 
tion of 14 cwt. of coal per ton of bar. Twenty tons of paddled 
iron was produced at the rate of 5 cwt. per hour, or 6 tons 
for 24: hours. According to the results of another series of 
trials, when the charges of pig were varied from 5 cwt. to 
10 cwt., the coal consumed per ton of puddled bar amounted 
to Hi cwt., and it was concluded that the furnace was 
« capable of turning out 5 tons of puddled bloom, with large 
charges, per shift of 12 hours, with a consumption of 10 cwt. 
of coal per ton. The quality of the iron produced, it may be 
added, has been generally acknowledged to be superior, both 
in purity and in strength. 

The comparative results of Mr. Crampton's experiments with 
the double chamber and the single chamber, are conclusive 
as evidence of the first-rate importance of bringing the heat of 
combustion to bear by close and direct action upon the sub- 
ject treated, for producing the greatest degree of efficiency. 

The results arrived at by Mr. Crampton were corroborated 
by the results of the observations of M. Lavalley, recorded 
in a paper on the Grampton furnace, read by him at the 
Institution of Civil Engineers in France, in 1875. t He 

* See Mr. Crampton's paper OnCraxapton's Bevolving Foxnaceand 
its Products," in the Joumalofthelrm and StuUniiUuUfWi ; page891. 

t ^ M6moire8 et Gompte Bendu de la SodM des Ing^nieurs Givils , 
1875 ; " page 266. 
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states that, as the resnlt of long and nnmerons trials made at 
Woolwich, charging cold pig-iron, the consumption of coal 
did not exeeed 600 kilogrammes per tomie, or 12 cwt. per 
ton, of iron prodaced ; and that this consnmption could be 
considerably diminished, if the iron were charged already 
melted, or if the waste heat was utilised for heating np the 
pig on a dandy. The following are the chief results of It 
Lavalley's observations : — 

112 charges of eold pig-iron, 1,097 cwt., or 9*80 cwi per 
charge. 

181 J hours, or 1 hour 23 minutes per charge. 

1,801 cwt. of iron prodaced, being 204 cwt. or 18*6 per 

cent, in excess of the weight of charges, derived from the 
fettling. 

1,057 cwt. of fettling consumed, of which the iron pro- 
duced from it constituted about 20 per cent. 

791 cwt. of coal consumed, or 12*2 cwt. per ton of iron 
produced. 

Employment of Powdered Fuel in Steam Boilers. 

Mr. Grampton stated, in bis first paper, that he bad made en 

experiment with powdered coal as fuel in a large marine 
boiler, containing 1,500 square feet of heating surface. The 
fire-bars were taken out, and the furnaces lined with brick- 
work. The combined current of air and coal was injected 
into the furnaces. During a trial which lasted 24 hours, the 
temperature in the smoke-box only varied within the narrov 
range of from 880° to 400° Fabr. ; whilst, according to 
Mr. Crampton, the water was evaporated at the rate of from 
10 lbs. to 11 lbs. per pound of coal. Xi^is impossible," be 
says, to produce smoke, as the whole of the volatile matter 
is produced in the first instance. The consequence is that 
the uptake of the boilers can have no flame in them.*' 

Messrs. Wbelpley and Storer devised a system of burning 
powdered coal. The lump coal is first reduced to the state 
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of impalpable powder; it is then fed, together with air, 
through a condnit, from which it is drawn by a fan and dis* 
charged into the front of the furnace through an air-tight 
aperture. In 1876» the system was tried by Mr. Inherwood, 
for the Ameriean Oovernment, under an externally fixed 
cylindrical boiler, 40 inches in diameter and 10 feet long, 
with flat ends, having 74 flue-tubes 2^ inches in diameter, for 
the return draft. The draft was continued round the sides 
of the boiler, and the heating surface amounted to 442 square 
feet. The air for combustion was delivered into the dosed 
ash-pit through a 5-inch vertical pipe. The powdered coal 
was delivered through a 2-inch horizontal pipe. The boiler 
was tried with powdered anthracite, on the new system, and 
with lump anthracite burned on an ordinary grate. A brick 
arch which was used with the dust-fuel, was removed to make 
way for the trial with lump-fuel, making an addition of 
15 square feet of heating surface. Otherwise, the boiler re- 
mained in the same condition. The results, taken generally, of 
comparative trials, showed that semi-bituminons coal gave the 
same economic evaporation, whether it was consumed wholly 
in the lump state, or partly in lump and partly pulverised, 
or wholly pulverised. Distinguishing these three conditions 
as 1,2, 8:— ri.) (2,8) 

lbs. lbs. 

Coal per square foot of grate per hour • • 11*11 11*35 

Wato evaporated per lb. of the combustible por- ) 1 a 1 01 i n - 1 oo 
tion of the coal from and at 212 Fahr. j lu lyz 

Temperature of Gases on leaving the boiler • d83-3''F. 381-8'' F. 

Here, no economy has been effected by the substitution of 

powdered fuel. It is probable that much of the coal-dust 
escaped unconsumed, as appears to have happened in 1868 and 
1869 at Boston, in the course of experiments vrith powdered 
anthracite, when, it is recorded, pure carbon, to the amount 
of 38 per cent, of the fuel administered, was gradually 
accumulated in the furnace. The precipitation of this large 
per-centage of carbon points to the incompleteness of the 
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mixtnrey and the want of time for completing tiie combustion 
of the residual coke-particles which remained to be bnmed, 
after the volatile portions of the fuel were burned off in 
flame. 

A system of burning coal-dust for generating steam, intro- 
duced by Mr. G. K. Stevenson, of Valparaiso, was applied 
experimentally to a Cornish boiler, in BlackMars, where it 
was at work in 1877. The boiler, Figs. 148, 144, was one of 
two, precisely alike, placed side by side : 5 feet 8 inches in 
diameter, and 28 feet 8 inches long, with a fire-tube 8 feet 
6 inches in diameter. A fire-clay retort, 8 feet long, A, was 
placed within the fire-tube : it was numerously perforated 



nei 




LONCITUOINAL SECTION. 

Fig. Ma OtofqiMom'g Goal-Doit Vmoam, iqnpUed to & Cof&iah boiler. 

with i-inch holes. The fuel was not finely pulverised, it 
was like a coarse powder. The lur and the ponder together, 
in measured quantities proportioned automatically, were 
driven together through the brick pipe B, into the retort, 
and there inflamed. A few fire-bricks placed in the flue, 
behind the bridge, acted as a bridge. From the results of 
comparative experiments,^ it appears that, under the same 
circumstances, the boiler evaporated 8'3 lbs. of water per 
pound of powdered coal, against 6*5 lbs. per pound of lump 
coaL It is remarkable that the quantity of air delivered for 
combustion, per pound of powdered fuel, was just 12 Ibs.i 



^ Bepcniedin The Engimm^ May 18, 1877 ; page 336. 
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or exactly finch as was ehemically constimed in effecting 
complete combustion. Yet, it is said, no smoke was pro- 
duced. 

It may be gathered from the foregoing experimental results 




iig. 144.— Stevenson's Coal- Dust Fumaoe. 



with steam-boilers, that a non-conducting retort or enclosure 
was necessary for effecting the proper mixture of the coal 

and the air, and completing the combustion of the powdered 
fuel. 
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BERAMAN coal, evaporative 
power of, 2M 



AbouchofF, experiments on the 
evaporative performance of 
stationary boiler at, 

Air, atmospheric : — composition, 
13 ; quantity required for com- 
bustion, 164 17i 171 ; mixture 
with coal gas for combustion, 
21 ; supply of air in jets, 27, 
111 ; quantity required for 
combustion of the coke of coal, 
S8 ; and of the gaseous portion, 
SS ; area of orifices for supply 
to gaseous portion, ^ ; situation 
of orifices, 43^ 58j mechanical 
agency for mixing gases and 
air, i3 ; forced blast, 46^ 83^ 84 ; 
regulation of the supply of air 
to the gas, iS ; Mr. Josiah 
Parkes's system, iS ; report of 
Sir Robert Kane and Dr. R. B. 
Brett, 45 ; their experiments 
with coal, ; and with coke, 
62 ; equalising supplies of gas 
and air, M ; ]VIr. John Dow- 
rance's experiments, 59j admis- 
sion of air through orifices in 
the fireplace, QQ {See Furnaces,) 
Anderson, W., experiments on 
the evaporative performance of 
coal, wood, and peat, 227, 2^ 
Argand furnaces, C. "WT^ Wil- 
liams's : — for land boUers, £3 ; 
for marine boilers, 69^ 70^ 71,72, 
STi 8S ; for a locomotive boiler, 
02 

Argand lamp, as an example of 
combustion of coal-gas, 24 ; 
imitation of, 



Asphalte, 225 

Aydon on liquid fuels, 234 

BELL, J. LOTHIAN, on Price's 
retort puddling furnace, 3^ ; 
on the appropriation of heat in 
blast furnaces, 287 
Bi-carburetted hydrogen : — com- 
position, 12 ; chemical process 
of its combustion, Ifi 
Bichcroux puddling furnace, 211 
Blaenavon, Newport furnace at, 
213 

Blast, forced: — gas furnace at 
Treveray, 15 ; blast of smoke 
and air, 83, 84:; mechanical 
draught, 135i I3fi 

Blast-furnaces, 2SI 

Boetius heating-furnace, 2fi8 

BoUers, steam : — principles of con- 
struction, 28 ; heating surface, 
94 ; efficiency of flue-system, 
04 ; the marine tubular boiler, 
73, 95, 141 ; circulation of 
water, 99 ; priming, 108 ; loco- 
motive boilers, 130 

Boilers, locomotive : — Argand 
furnace in, 01 ; circulation of 
water and evaporation in, 139 ; 
coal-burning in, 21fi ; combus- 
tion of coke in, 22fi; wood- 
burning in, 227 

Boilers, marine : — furnace ar- 
rangements, 65 to 80 ; boiler of 
the Llewellyny 85; circulation 
of water in flue-boilers, 116 ; 
flue-boiler of the Liverpool or 
Great Liverpooly 117, 130 ; flue- 
boiler of the Great Britain, 128; 
draught in flue-boilers, 128; 
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circulation of water in tubular 
boilers, 139 : working condition 
of tubular boilers, 142; disad- 
vantages of the tubular boiler, 
146 ; tubular boiler of the 
Leeds, 116; tubular boiler of 
the Royal William, with con- 
ductor-pins, Ifil ; plate-surface 
boiler (ijamb and bummers') of 
the Pacha, IM ; experimental 
tubular boilers, at Newcastle, 
174, 2M; practice of stokers 
on the Mersey, 1^ 

Boiler, stationary : — principles of 
construction, 2S ; temperature 
in the flues, ^ ; grate-bar sur- 
face, 30 ; fire-chamber, 2h ; 
flame-bed, 3fi; furnaces for 
smoke-prevention, 42, 43, 64, 
65, 79, 80, 82, 83, 84 ; draught 
in chimneys, 126 ; split draught 
for boilers, 1^; mechanical 
draught, 134 ; Lancashire and 
Galloway boilers at Wigan, 
evaporative performance of 
coals in, 21Q ; aouble-flue multi- 
tubular boilers at Abouchoflf 
and at Erith, evaporative per- 
formances of coal, wood, and 
peat in, 227^ 230 ; Cornish 
boiler, evaporative performance 
of petroleum in, 2M 

Bourne, J., on the use of powdered 
fuel, 

Brunton's revolving grate, 95 

CADDICK and Mabery's iron 
furnaces, 2M 
Candle, flame and combustion of» 

23, 24^26 
Carbon, as a constituent of coal, 
7, 8; weight, 11 ; combustion 
of, 14, 38j carbon in flame, 
166 ; carbon in smoke, 169, 172 
Carbonic acid : — composition, 14 ; 

formation of, ITi IB 
Carbonic oxide, formation of, 18, 
19 

Carburetted hydrogen : — compo- 
sition, 12j chemical process of 
its combustion, 15, 170 

Casson-Dormoy puddling furnace, 
273 



Chamber of furnace, 35 ; high 
temperature in, 96 

Chanter's furnace, 80 

Clark, D. K., on rapidity of 
draught, 134 ; system of smoke 
prevention, ISS 

Coal, its constituents, gaseous 
and solid, 8, lOj gaseous ele- 
ments, ID; their combination 
with air, 13, 22; the coke or 
solid portion, 3B 

Coal, evaporative power of: — 
Aberaman coal, 2118; Hartley 
coals, evaporative performance 
of, 174, 205 ; evaporative power 
of, 2Q2t ; South Lancashire and 
Cheshire coals, evaporative per- 
formance of, in Laiicashire and 
Galloway boilers, at Wigan, 
210 ; Hindley-yard coal, trials 
of, 210 ; evaporative perform- 
ance of coal, wood, and peat in 
stationary boilers at Abouchoff 
and at Erith, 2^ 

Coal-gas: — its formation in the 
furnace, 8, 9 ; combustion, 12 ; 
mixture of air with it for com- 
bustion, 21 ; Professor Daniell's 
opinion, 23 ; supply of air in 
jets, 27, 41 ; situation of ori- 
fices, 43 ; mechanical agency 
for mixing air and gases, 4ii ; 
forced blast, 45 ; its continuous 
generation, 53 ; temperature 
and length of flame in the flues, 
54 ; development of coal-gas 
and coke-gas, 65, 56 ; equalis- 
ing supplies of gas and air, 56 ; 
explosive mixtures, 92 

Coke quantity yielded by coals, 
22D ; composition, 221 ; weight 
and bulk, 222 ; combustion in 
locomotives, 222 ; analysis of 
the gaseous products, 223 ; 
solid portion of coal in combus- 
tion, 3B ; air required for its 
combustion, 3B 

Coke, Durham, performance of, 
in blast furnaces, 287 

Combustibility, lH 

Combustion of coal, process of, 
13 ; quantity of air required, 
17 ; distillatory or gas-gcncrat- 
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ing process, 29 ; conditions for 
complete combustion, 06 ; pro- 
ducts of combustion, Ififl (See 
Coal' gas,) 

Combustion of coke, 222 

Conductor-pins, increasing the 
heat - transmitting power of 
plate-surface by, IM; experi- 
mental results, ; boiler of 
the Royal William, )M 

Cotton-stalks, evaporative per- 
formance of, 233 

Crampton's powdered-fuel pud- 
dling furnace, 339 ; use of pow- 
dered fuel for steam-boilers, 3M 

DANIELL, PROFESSOR, his 
opinion on the process of 
mixture of air and coal-gas in 

the furnace, 22 

Davies, S. W., on the water-gas 
generator, 33i 
* Davy, Sir Humphrey, on the es- 
sentials for combustion, 92 ; on 
heating combustible gases, Li9 

Decazeville coal, composition of, 
323 

Dewrance, John, his experiments 
on admitting air in diWded 
streams, 59^ 63 ; Argand fur- 
nace applied to a locomotive 
boiler, 91 

Draught: — of furnaces, 124 ; in 
flues, 12^ ; in chimneys, 126 ; 
in the boilers of the Great 
Britain^ 128; split draught, 132; 
D. K. Clark on rapid draught, 
134 ; mechanical draught, 45, 
83, 84, 135 ; mochanicad versus 
ordinary draught, 136 

Dublin, City of, Steam Packet 
Company, report by Mr. Josiah 
Parkes to, 4j8 ; report of Sir 
Robert Kane and Dr. R. IL 
Brett on C. W. Williams's 
system, ^ ; report of Mr. 
Joseph Clarke on the boilers of 
the Llewellynf 8^ 

EBELMEN, first proposal of 
gas-furnaces by, 238 ; his 
analysis of charcoal gas, 2fi3 ; 
of peat gas, 



Ebelmen and Sauvage, experi- 
ments by, on the combustioa 
of coke, 223 

Erith, experiments on the eva- 
porative performances of coal, 
wood, and peat in stationary 
boiler at, 23Q 

draught, 136 

Fichet, experiments by, on gas- 
furnaces, 242, 216 

Flame:— its contact with the 
boiler should be avoided, 36_; 
length of flame in flues, 54j 
how it may be extingniahed, 
91 

Flame-bed, 36, 37 

Fletcher, Lavington E., experi- 
ments on evaporative perform- 
ance of South Lancashire and 
Cheshire coals conducted by, 
21fi 

Flues of boilers, temperature in, 
30, 64^9S 

Flues, multitubular. (See Reating 
Surface,) 

Flues, spUt, 132 

Forcing the fire, lAA 

French boiler, application of gas- 
furnace to, 246 

Fuels : — chemical composition of, 
1S9 ; air consumed in their 
combustion, 190 ; quantity of 
the gaseous products of combus- 
tion, 190 ; heat evolved, 121 ; 
temperature of combustion, 
192 ; coal, 193 ; composition of 
British coals, 191; combustion 
of coal, 196 ; coke, 229 ; lignite, 
aaphalte, and wood, 225 ; peat, 
228 ; tan, straw, and cotton- 
stalks, 232; petroleum, 234 ; 
total heat of combustion of 
fuels, 236 

Fuel, decomposition of, in gazo- 
genes: — coal, 2 j2 ; coke and 
charcoal, 2^ ; peat, 254 

Fuel, powdered, 339 ; first advo- 
cated by John Bourne, 339; 
T. R. Crampton's experiments, 
339 ; his powdered-fuel furnace, 
319 ; his revolving puddling 
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furnace, 341, 342; Lavalley's 
experiments, 31^ 

Used in steam-boilers, by ^ir. 
Crampton, 314 ; by Whtlpley 
and Storer, 344 ; Mr. Isher- 
wood's experiments, 246 ; G. 
K. Stevenson's system, M& 
Furnace ; — grate-bars, 30^ 32 ; 
chamber, 36j air through 
orifices in the fire-place, fiD ; 
various arrangements of fur- 
naces, 63; C. W. Williams's 
Argand furnace, 63, 69, 70, 71, 
72, 87, 88, 92^ 199, 200^ 206; 
ordinary marine furnace, 66, 
73^ 76, 87, ITii Parkes's split- 
biidgc, 6ii; split-bridge modi- 
fied, 61; split-bridge and air 
at the grate, 68j air at the 
bridge, 6B ; air at the bridge, 
and small grate, 69 ; air-box at 
bridge, 72^ 73, 74^ 75j per- 
forated plate at bridge, 77 ; 
furnace with supplementary 
gp:ate, 78 ; hot-air expedient and 
split - bridge, 29 ; Chanter's 
furnace, M ; hot air at the 
bridge, 80^ SI; hot air from 
the flues, 82j blast of smoke 
and air, 83, M ; proper firing, 
89 ; improper firing, 89j Argand 
furnace in a locomotive boiler, 
91, 92 ; Robson's system, 127 ; 
Ilobson and Hopkinson's sys- 
tem, 129 ; Stoney's system, 

laa 

Phimaces, Gaa. (See Oas 
Furnaces.) 

Furnaces : — Ivison's system, with 
steam jets, ISS ; Clark's, D. K., 
system, with steam-inducted 
air-currents, IM ; Combos' s 
experiments on C. W. Wil- 
liams's imace,2M; Fairbaim's 
experiments on C. W. Wil- 
liams's furnace, 2QjQ ; Baker's 
system of undulated flues, with 
semi -elliptical chambers, 2Q1 ; 
Wicksteed's experiments on 
Baker's system, '2QI ; Gorman's 
furnace, 2Q1 ; step-grate, 202 ; 
Marsilly's observations on the 
Btep gi-ate, 2QA 



(See GaS'furtKiett and Iron 
Furnaces.) 

GALLOWAY boUer at Wigan, 
evaporative performance of, 

2M 

Gas, manufacture of, application 
of g^-fumaces to, 2i2 

Gaseous portion of coal in the 
furnace. (See Coal-gas.) 

Gas-furnaces: — gas-furnace at 
Treveray, 46j function and 
operation, 232 ; first proposed 
by Ebelmen, 238 ; Gorman 
on gas-fuel, 23S ; Dr. Siemens 
on the gazogene, 233 ; manu- 
facture of gas at Montreuil, 
2i2; gas-furnaces for steam 
boilers, 241) ; decomposition 
of fuel in the gazogene : coals, 
2^ ; coke, 2a3 ; charcoal, 263 ; 
peat, 2^ ; Boetius heating 
furnace, 2M ; Bicheroux'a 
heating furnace, 269; Smith- 
Casson's puddling furnace, 276 ; 
Siemens' regenerative gas- 
furnace, 29fi; Ponsard gas- 
fumaco with recuperator, 317 ; 
Gk)rman'8 heat-restoring gas- 
furnace, 331 

Gazogenes, action of, 23S 

Ghiss-works at Saint-Gobin, Sie- 
mens' regenerative furnace at, 
3M 

Gorman, on the best method of 
supplying air to ordinary fur- 
naces, 201 ; on gas-fuel, 23$ ; 
his heat-restoring gas-furnace, 
332 ; performance at Mosscnd 
iron- works, 332 ; at Coatbridge, 
333 

Grate-bar surface, proportions 

of, 3fi ; depth below crown of 

furnace, 32 
Grate, supplementary, 69, 28; 

Chanter's system, ^ 
Great Britain, boilers of, draught 

in, 128 

Great Liverpool, boilers of, circu- 
lation of water in, and dura- 
bility of plates, 117 ; draught, 
130 

Green's fuel-economiser, 211 
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Gun Factory, Royal, ordinary 
puddling furnaces at, consump- 
tion of fuel in, 256 ; Price's 
retort puddling furnace at, 276 

HARTLEY coals, evaporative 
performance of, 174, 205 ; 
evaporative power of, 2Q& 
Ilaswell on the comparative eva- 
porative performance of wood 
and coal in locomotives, 221 
Head, Jeremiah, experiments by, 

on the Newport furnace, 272 
Head, John, on the evaporative 
performance of straw and 
cotton-stalks, 2^2 
Heat, total, of combustion of 

fuels, 2M 
Heated air : — at the bridge of the 
furnace, 80, fil ; its supposed 
value, 147 
Heating power of gas flames, 4^ 
Heating surface of boilers, 94; 
absorbent power, 115, 122 ; 
durability of the plate-surface, 
116 ; multitubular flues of 
marine boilers, objections to, 
95, 97, 139, 144, ]M ; multi- 
tubular flues of locomotive 
boilers, 139 ; increase of ab- 
sorbing power, by conductor- 
pins, IM; corrugated plate- 
surface, lilQ 
Hindley Ywrd coal, evaporative 

performance of, 21(1 
Hobson and Hopkinson's furnace, 
results of performance of, 176, 

180 

Hot air from the flues for the 
furnace, 82 

Houldsworth*s experiments on 
temperature in the flues, M 

Hydrogen, as a constituent of 
coal, 7, 8 ; weight and bulk, 
11 ; combustion of, 14 ; in- 
fluence of water generated by 
its combustion, 151 ; experi- 
ment condensing the vapour, ]M 

IRON furnaces : — construction 
of ordinary iron furnaces, 
2ili] : distribution of heat gone- 
rated, 257 ; utilising waste heat 



of ordinary iron furnaces by 
generating steam, 2M ; utilis- 
ing waste heat of furnaces by 
heating the air, 2M; Boetius 
heating furnaces, 268 ; Biche- 
roux's heating furnace, 271 ; 
the Newport puddling fur- 
nace, 271 ; the Casson-Dormoy 
puddling furnace, 273 ; Smith- 
Casson's gas-furnace, 275 ; 
Price's retort furnace, 276; 
Caddick and Mabery*s furnace, 
284 ; Crampton's furnace, 286, 
340 ; Siemens* regenerative 
gas-furnace, 290 ; Ponsard gas- 
furnace, with recuperator, 317 ; 
Gorman's heat-restoring gas- 
furnace, 3M 
Isherwood's experiments on pow- 
dered-fuel furnaces for steam- 
boilers, 

JETS of air, combustion of gas 
with, 27 
Jukes' s moving bars, 90 

KANE, Sir Robert, anA Dr. R. 
B. Brett, report on C. W. 
Williams's furnace, 49j their 
experiments with coal, 51 ; and 
with coke, 52 
Keerayef , experiments by, on the 
evaporative performance of 
coal, wood, and peat in sta- 
tionary boilers, 2M 
Kidd, J., his mode of g^asifying 

fuel, 334 
Kraus on the performance of the 
Siemens gas-furnace at Saint- 
Gobin, aM 

LA^IB AND SUMMERS' plate- 
surface boiler, 161, IM 
Lancashire boilers at Wigan, 
evaporative performance of, 210 
La valley, his experiments with 
Crampton*8 powdered-fuel fur- 
naces, 344 
Leblanc, analysis of coke gases, 
253 

Leeds, boilers of the, 145, 116 
Lignite, 225 

Liquid fuel petroleum, its oom- 



L ^ ^ .d by GoogI 



INDEX. 



position, 2M ; evaporative per- 
formance, 

Liverpool and Manchester Rail- 
way, Mr. Dewrance's experi- 
ments on admitting air to fur- 
nace in divided streams, 59^ 02 ; 
Argand furnace applied to a 
locomotive boiler, 

Llewellyn steam packet, boilers 
of, m 

Locomotive boilers. (See Boilers, 

Loeotnotive.) 
Locomotives, coal burning in, 21f5 
Longridge, Armstrong, and 
Kichardson, report of, on ex- 
perimental performance >f a 
marine boiler, to the Steam 
Collieries Association, New- 
castle-on-Tyne, 174^ 




AGAR, J. de, comparison of 
furnaces by, 271 



Marine boilers. (See Boilers, 
Marine.) 

Montreuil, gas works at, employ- 
ment of gas-furnaces, 242 

Muller and Eichelbrenner, em- 
ployment of gas-furnaces by, 
in the manufacture of gas, 

EWPORT furnace, 221 



OLEFIANT GAS. (See Bi-car- 
buretted hydrogen.) 

FCHA, boiler of, with Lamb 
and Summers' plate-surface 
boilers, IM 
Parkes's split-bridge, 58, 66. 67. 
6S 

Peat : — composition, weight, and 
bulk, 228 : evaporative per- 
formance in stationary boilers 
at Abouchoff and Erith, 23D 

P6clet on draught in flues, 125, 
122 ; on mechanical draught, 
IM ; on the heating power of 
tan, 232 

Pelegry on the comparative per- 
formance of the Ponsard and 
old furnaces, 22i 



Petroleum, composition and eva- 
porative performance of, 234 

Piedbouf and Bisenius, puddling 
furnaces at their iron works, 211 

Ponsard, analysis of gases in his 
gazogene, 2M ; on the economy 
of waste heat by generating 
steam, 261 

Ponsard gas-furnace, ; super- 
heated gazogene, MS; the re- 
cuperator, 319 ; the laboratory, 
221; comparative performance 
of the Ponsard and old furnaces, 
324, 326 ; Ponsard furnace at 
Vieux-Conde, 325; at San 
Giovanni, 327 ; at Pont Eveque, 
329 ; at Seraing, 329 ; gases 
generated, 229 

Price's retort puddling furnace at 
the Royal Gun Factor^', 276; 
Mr. Whitham's experiments, 
282 

Priming in boilers, source of, Ififi 
Pyrometer, Houldsworth's, 22 

REGENERATIVE stove, Sie- 
mens-Cowper, at Barrow 
works, 2S2 
Reynolds on coal burning in 

locomotives, 21fi 
Robson's furnace, results of per- 
formance of, 176^ 118 
Round Oak Iron-works, ordinary 
puddling furnace at, consump- 
tion of fuel in, 2^ ; gas-pro- 
ducer at, 275 
Royal Williatny boilers of, ,with 
conductor-pins, 1^ 

gAW-DUST as fuel, 

Siemens, Dr., on the functions of 
the gazogene, 22i^ 

Siemens' generator, analysis of 
coke gases in, 252 

Siemens - Cowper regenerative 
stove for blast-furnaces, 282 

Siemens' regenerative gas-fur- 
nace, 2SD ; Professor Faraday's 
description, 2iMi ; the gazogene, 
2S5 ; charging the gazogene, 
2S8 ; temperature in the gazo- 
gene, 300 ; regenerators, 303; 
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composition of fire-briclcs, ZM ; 
generation and distribution of 
neat, by M. Kraus, 30G ; heat 
disengaged by the complete 
conversion of the gases in the 
furnace, .HI ; employment of a 
jet of steam as a blower, 
Smith-Casson, gas-furnace by, 215 
Smoke : — it cannot be burned, 6^ 
166 ; generation of it, 161 ; its 
composition, 168, 169, 111; 
cause of it, 171, 173 ; weight of 
carbon in smoke, 112 
South Lancashire and Cheshire 
coals, evaporative performanco 
of, 210 

Split-bridge, Mr. Parkes's system, 

48, 68 
Split-flues, m 

Stanley's self-feeding apparatus, 

90 

Steam, its composition, formation, 
14 (See Uydrogen.) 

Steam- t)oilers, gas-furnace for,246 

Stevenson's powdered-fuel fur- 
nace for st^m-boilers, 346 

Stoney's furnace, lfi2 

Straw, evaporative performance 

of, 'm. 

TAN, evaporative performance 
of, m 

Temperature in flues of boilers, 

30^64, oa 

Treveray, gas furnace at, 



URE, Dr., on the Argand fnr- 
nace, 62 ; on circulation of 
water by heat, M ; on evapor- 
ative efficacy of corrugated 
plates, IM 

WATER, circulation of, in 
steam boilers, a9 ; experi- 
mental evidence, 92 ; ebullition, 
102, 109 ; relation of circulation 
to durability of the plates, 116; 
the Great Liverpool, 111 J marine 
boilers, 139^ 144 
Water-gas generators for heating 
purposes by S. W. Davies, 3iii ; 
composition of the gases, ; 
cost, 338 
West's report, 80, 82, 85 
Whelpley and Storer's system 
of burning powdered fuel for 
steam-boilers, 344 
Whitham's experiments on Price's 

retort furnace, 2H2 
Williams, C. W., his Argand fur- 
nace, 49^ 62 to 92 ; experimental 
performance of a marine boiler 
at Newcastle-on-TjTie on his 
system, 176, IM ; on the prac- 
tice of stokers on the Mersey, 
199 

Wise, Field, and Aydon, system 
of burning petroleum by, 235 

Wood: — composition, weight, and 
bulk, 226 ; evaporative per- 
formance, 226, 'IM 



THE END. 
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Railway, Bridge, and other Engineering Works, Bf William 
H UMBER, Assoc lust C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of Johki 
Hawkshaw, C.E., F.R.S., &c. 3/. 3/. half morocco. 

Handsomely lithofp^phed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plaus and specifications prepared for the 
guidance of the contncton for many impoitaBt engineenng weeks.*— si?ii^fte»r. 

Humberts Modern Engiiieering , Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 

ING, 1864 ; with Photographic Portrait of Robert Stephenson, 

C.E., M.P., F.R.S., &c 3/. 3J. half morocco. 

" A. rismm^ of all diemore interesting and important works lately completed in Great 
Britain ; and containins^, as it does, carefully executed dranrii» with full worldly 
details, it will be found a valuable accessory to the profession at large." — Engineer, 

*' Mr. Humber has done the profession {rood and true service, by the fine collection 
of examples he has here brought before ^e profession and the public." — Fractical 
Mechamci* yournai, 

Humberts Modern Engineering. Third Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photo. Portrait of J. R. M*Clean, Esq., late President 
of the Institution of Civil Engineers. 3/. t^s, half morocco* 

•*No engineer, architect, or contractor should fail to preserve th^e records of 
works which for magnitude have not their panilkl in the present day, no student in 
the profession but should carefuU^r study the details of these great works which he 
nay one day be called upon' to imitate if not to surpass.**— il/^AoinV'j' Magazine, 

Humberts Mode7^n Engineering, Foiirth Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., Presirlent 
<tf tile Institation of Civil Engineers. 3/. 3^. half morocco. 

" Of peculiar value, as well to those who design as to those who study the art kX. 
engineering construction. Mr. Humber embodies a vast amount of practical infor- 
mation in the form of full descriptions and worlcinj^ drawings of all Uie most receot 

and noteworthy engineering works." — Mechanics Mui^azint. 

Humber s Great Work on Bridge Cons trtic Hon, 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In TJiree Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C.E.,and M. Inst 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of whicli now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 410, 6/. i6s, 6d, half- bound 
in morocco. 

*' Mr. number's stately volumes lately issued-^in whidi the most important bridges 

erected dmiiif; the l.nst five yt:rirs. un-ft r the direction of OUr moSt eminent ei|gineers» 
are drawn :ind .specilicd in great detail." — Engineer. 

" A book— and particulariy a large and costly treatise like Mr. Humber's— which 
has rcrtched Us third edition may ceruinly be said to have established iu own 
refutation. ' ' — litifinurmg^ 
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Strains^ Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulccand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMT?ER, Assoc. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, *js. 6d. cloth. 

**The arrangement of the matter in this little volume is as convenient as it well 
could be. • • > The system of employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in ibat respect Mr. Humbei't 
volume is fully up to the times.'* — En^ifieering. 

**The formulae are neatly expressed, and the diagrams good." — Atfunmtm* 
"^^Mr. Humber bas rendered a great senrice to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the Strains on iron 
bcaiu:>, rools, and bridges by means of diagrams."— j6i'w//t/t'r. 

Barlow on the Stren(^th of Materials. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an A]ipendix on the 
Power of Locomotive Engines, and the eflect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.5. The whole arranged and edited by W. Humber, Assoc. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, i&r. doth. 

"The best book on the subject which has yet appeared. • . • • Weknoirot 
no work that so completely fulfils its mission." — English Mechanic. 
'"The standard treatise upon this particular subject." — Engituer. 

Tables of Ctcrves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Jldition. Printed on 48 CardS| 
and sold in a cloth box, waistcoat-pocket size, 3X. 6</. 
•* Each table is printed ona sinaH card, which, being placed on die tfteodofiCe, leaves 
the hands free to manipulate the instrument — no small arlvantagc as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men." — Engineer, 

Jr07i and Metal Trades' Calcidator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive ])Uin for expeditiously ascertaining the value of any 
goods bought or sold by \veii;ht, from \s. ]->cr cwt. to II2.^-, ])er 
cwt.. and from one farthing; per pound to one shilling per pound. 
Each Table extends from one pound to 100 tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. Bjr Thomas Dowmie. Strongly 
bound in leather, 396 pp., 95. 
" A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Building News. 

'* Will save the possessor the trouble of making immerous intricate calculations. 
Although specially adapted to the iron and metal trades, the tables containod in this 
handy little companion will be found useful in every other business in whtdl nier« 
chandise is bought and sold by weight." — Raihvay Ncxvi^ j 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of tlie Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. KiNNEAR CLARK, M. I. C. E., Author 
of ' Railway Machinery/ &c., in one voL 8voy with nnmerons ilfais- 
trations and thirteen folding plates, iSf. dotlu \yuH puhUskei. 

*' All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Kailway Machinery,' but the more moderate dimensions of 
'Tramways' will place il withm the means of every individual, instead of limiting 
it.s purchase to institutions or to those having a large practice. "-^yA^ Engineer. 

'* Mr. Clark's book is indispensable for the students of the subject." — The Builder. 
^" An exhaustive asd practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found. . . . The other parts of Mr. Clark's valuable treatise relating 
to cost and expenditure, and tramway cars, are handled in the same thorough 
maoner.** — Building Newt, 

Iron and Steel. 

*IRON AND STEEL': a Work for the Forge, Foundiy, 
Factory, and Office, Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolliiig Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting; Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By Charles IIuare, Author of 
•The Slide Rule,' &c. Eighth Edition. Revised throughout and 
considerably enlai^ed. With folding Scales of "Foreign Mea- 
sures compared with the English Foot," and "fixed Scales of 
Squares, Cubes, and Roots, Areas, Dednud Equivalents^ ftc." 
Oolong, samo, leather dastic-band, 6s. 

** For comprehensiveness the hook has not its equal." — Iron. 

'* One of the best of the pocket books, aud a useful companion in other branches of 
work tkan iron and steet." — English Mechanic, 

" Wc cordially recommend this book to those engaged in OOOSidcril^ thttdttaiii 
of all kinds of iron and steel works."— >iVaz/a/ Science. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc Inst C£*, Aadior of 
**The Art of Building," Ac. With numerous Plates and Wood 

Engravings. Crown 8vo, lox. 6d, cloth. 

"A most useful handljook to enginccrirtjr i^ioneers." — Irnn. 

'* The author's experience h;u) been turned to good account, and the book is iikeljT 
to be of ooosidetable service to pioneer engineer8.'*^27w<VU£n!f Ngwt, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; I 

with Practical Remarks on Iron Construction. ByF. W. Sheilds, 
M. Inst. C.£. Second Edition, with 5 plates. Royal 8to^ St. dolh. 

•/'T^^^^ m'"^?"' cannot f^nd a better little book on this sttbjea thaatbaC^ttmbf 

Mr. Shcilds."— Z^iT Engineer. 
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Metallurgy of Iran. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Msinuikcture of 
Iron and Steel, &c By H. Bauekman, F.G.S., Associate of the 

Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. l2mo, cloth boards, 5^* 
" Carefully written, it has the merit of brevity and conciseness, as to less important 
pomts, while all material matters are very fully and tlioroughly entered into." — 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising: — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. A usefol book for Members of Local Boards and Rural 
Sanitary Authorities,* Health Officers, Engineers, Surveyors,. 
Bmlders, and Contractors. By Charles Slagg, Assoc Inst. C.£. 
Crown 8vo, cloth. 

"This is a very useful book, and may be safely recommended The author, 

Mr. Charles Slagg, has had practical experience in the works of which he ueats. 
There is a great deal of work required to be dune iu the smaller towns and villages, 
and this little volume will help those who are willins to do \X"<-^BuUd«r* 

Steam Eiigine, 

TEXT-BOOK ox THE STEAM ENGINE. By T. M. 
GOODEVE, M.A., Rirrister-at-Law, Author of *' The Principles 
of Mechanics, " *'The Elements of Mechanism," tSic. Second 
Edition. With numerous Illustrations. Crown 8vo, 6j-. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise." — Engineer, 

" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself. ''---ilffiem^ Journal* 

J^ocomotives, 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Demtsey, C.E. With large additions treat- 
ing of the ^loDERN Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Constmction and Working," 
&cl, &C. With numerous Illustrations, i2mo. y, 6d. cloth boai^s. 

[y^ust published. 

" The student cannot fail to profit laigely by adopting this as his preliminary text- 
book." — Jrofi aud Coal Trades Rcvic7if. 

'* Seems a model of what an elementarv technical book should be. The book will 
be useful to all young engineers.'*— ^onnrm^. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationaiy and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. By D. Kinnear Clark, 
C.E., M.I.C.E., Author of " Railway Locomotives/' &c Second 
Edition Revised. With Illustrations. l2mo, ^, doth. 
Everv esse&tial part of the subject is treated €€ competently, aad in a popular 
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Fuels, 

FUEL, its Combustion and Economy ; consisting of an Abridg* 

ment of A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal Coke, Wood, Peat, Petroleum, &c. ; by D. KiN- 
NEAR Clark, C.E., M.I.C.E, With numerous Illustrations. 
I2mo. 5^. cloth boards. * \_Just published, 

•* Students should buy the book and read it, as one of the most complete and satis* 
fectory treatises on the combustion and economy of fuel to be had." — Engineer, 

" I hc book is a valuable one, and will be found of great interest to Gas Engineeis 
and Managers." — Gas Trade Circular, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constmcting Common Roads. By 
Henry Law, C.£. Revised and Con&nsed by D. Kinnear 
Clark, C.E.— II. Recent Practice in the Construction of Roads 
and Streets : including Pavements of Stone, Wood, and Asphalte. 
By D. KiNNEAR Clark, C.E., M.I.C.E. With numerous 
Illustrations. i2mo, 5^. cloth. 

" A linok wliich every borough surveyor and engineer must possess, and which will 
be of considerable service to architects, builders, and property owners generally. 
Building News. 

" To highway and town surveyors t^/is book will have the Utmost value, and ascon> 
taining the largest amount of information in the shortest space and at the lowest pfice, 
we may predict for it a wide circulation." — yournal a/ Gas Lighting, 

Steam Boilers, 

A TREATISE ON STEAM BOILERS : their StrengUi, Con- 
struction, and Economical Working. By R. Wilson, C.£. 
Fifth Edition. i2mo» 6f. doth. 

" The best work on boiten which has come under our notice."— fn^'Aiimiv* 
" The best treatise that has ever been published on steam boilers."— wSlM^giwrr. 

Practical Tuimelling, 

PRACTICAL TUNNELLING: Explaining in detad the Setting 
out of the Works, vShaft -sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By Frederick Walter Simms, M. Inst. C.E., author 
of "A Treatise on Levelling." Third Edition, Revised and Ex- 
tended. By D. KiNNEAR Clark, M. Inst. C.E. Imp. 8yo» with 
21 Folding Plates and numerous Wood Engravuigs, 30J. dodi. 

" Mr. Clark's additional chapters on the Mont Cenis and St. Gothard Tunnels contain 

mirmte and valuable experiences and data relating to the method of excavation by 
compressed air, the heading operations, rock-boring machinery, process of enlarge- 
ment, ventilation in course of construction by compcessed air, labour and cost, ftc." 

^Building News. 

* ** The estimation in which Mr. Simms' book on tunnelling has been held for over 
thirty years cannot be more truly expressed than in the words of the late Professor 
Rankiiic : — ' The best source of information on the subject of tunnds IS Mr. F# W. 
Simms' work on "Practical Tunnelling." '—The Architect, 
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LfOComotive-Eno inc Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. Hy Michael 
Reynolds, Member of the Society of Engineers, formerly Loco- 
motive Inspector L. B. and S. C. R. Fourth Edition, greatly 
enlarged. Comprising A KEY TO THE LOCOMOTIVE 
ENGINE. With Illustrations and Portrait of Author. Crown 
8vo, 4-$". 6</. cloth. 

'* Mr. Reynolds deserves the title of the engine driver's friend." — Railway Newi, 
" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 

recommend the hook not only to the practical driver, but to every one who takes an 

interest in the performance of locomotive enxincs." — T/ie Engineer. 
'* Mr. Reynolds has opened a new chapter in the literature of the day. This 

admirable practical treatise, of the practical Utility of which we have to speak in 

terms of warm commendation."—- 

Tfie E7igi7ieei% Firc7nan, and Enoinc-Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOV : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
•* Locomotive- Engine Driving." With numerous Illustrations, 
and a fine Portrait of George StephensoUi "the Father of Rail- 
ways." Crown 8vo. 41. 6a^. cloth. \jfust published. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 

LEVELLING ; showing its Application to Purposes of Railway 

and Civil Engineering, in the Construction of Roads ; with Mr. 

Telford's Rules for the same. By Frederick W. Simms, 

F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 

the addition of Mr. Law's Practical Examples for Setting out 

Railway Curves, and Mr. Trautvvine's Field Practice of Laying 

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 

Sr. ^ doth. V Teautwihb on Curves, separate, Sj. 

"One of the most important text-books for the general stirvcyor, and there is 
•carcely a question connected with levelling for which a solution would be sought but 

that would DC satisfactorily answered by consultinR the volume." — Minitt?^ yournal. 
" The text-book ou Icvclluig m mo;»t of our cni^mccring schools and colleges."—* 

The HighrPressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. CE., &&, &c With 28 fine Plates, 
8vo, i6j'. (id. cloth. 

*' A work like this, which goes thoroughly into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
ill eveiy icieatific ]abfaiy.''^J^ Sh^iimg Ckmuck 
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Slate and Slate Qiiarryiiig, 

A TREATISE OX SLATE AND SLATE QUARRYING, 
Scienlitic, Practical, and Commercial, liy D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Crown 8vo, 6s, cloth. 
"A useful and practical hand-book on an important indtxsltry.**'^£ft£7n^rd^, 
" There is no other book which contains so much information concerning the pro- 
cedure observed in taking quarries, the processes employed in working them, and 
such full statistics of tlic present and past position of the great slate trade of 
Wales."— ArchiUct, 

Metalliferotis Mining, 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., author of A Treatise on 
Slate and Slate Quarrying." Illustrated with numerous wood en- 
gravings, crown 8vo. [/// Reparation* 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiB 

for finding the Dischai^e of Water from Orifices, Notches, Weiis, 

Pipes, and Rivers. With New Formulx, Tables, and Genend 

Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 

Water Supply for Towns and Mill Power. By John Neville, 

Civil Engineer, M.R.I. A. Third Edition, carefully revised, with 

considerable Additions. Numerous Illustrations. Cr. 8 vo, 14^. cloth. ! 
" Undoubtedly an exoeedingl y useful and elaborate compilation." — Irom. ' 
" Alike valuable to students and en^eers in pmctice."— -JlfMiiiN^ ^ownaL ^ 

Stren^^th of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, M.I.C.E., 
Author of ** Elementary Principles of Carpentry." Fifth Edition, 
Edited by E. Hodgkinson, F.R.S. Witk 9 Engravings and 
numerous Woodcuts. 8vo, I2x. doth. 

Mini7ig^ Surveyi7ig and Valuino, 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
• Mineral Properties. By William Lintern, Mining and CiN-il 
Engineer. With four Plates of Biagranis» Plans, &c., i2mo, 4^. cloth. 

" Contains mudi valuable Information given in a small compass, and which, as Ux 
as we have tested it, is thoroughly trustworthy.*'— /r^7« and Cial Tradts Rtvitm^ 

%* The above, bound with Thoman's TABLES. (See page 21.) 
Price *js, 6d. cloth. 

Common Sense for Gas-Users, 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architect-. 
Engineers, &c, &c. By ROBERT WiLSON, C.E., Author of * ' A 
Treatise on Steam Boilm." Second Edition. Crown 8vo, sewed, 
'^^ Folding FlatesandWoodEngravingSy 6d, 
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Coal and Coal Mmin^. 

COAL AND COAL MINING : a Riulimcntary Treatise on. By 
Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. New edition, revised and corrected. 
l2mo, with nnmerous Illustrations, 41. doth boards. 

"Every portion of the volume appears to have been prepared wilh much care, and 

as an outline is given of every known cnal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtkbs intercut a very 
Uu|;e number of readers."— j9fi£nit>^ 7<mrmU, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of So feet. By Joseph Broadbent, C. E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5^. cloth. 

"The way in which accuracy is attained, by a simple division of each cross 
section into three elements, two of which are constant and one variable, is in* 
genious."— ^/A««<r«f/«. 

Trigonometrical Surveying. 

AN PUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., w ith the most useful Problems iu Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal Svo, idr. cloth* 

F^ire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Eni^ines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation » 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns J Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Blostxations, 
handsomely printed, 544 pp., demy 8vo, i/. 4^. doth. 
" We can most heartily oommend this hook."— £Me;««MnM^. 

We strongly recommend the book to the notice of all who are hi any ivay in* 
toreited ia fir», fire-oDgmes, or fa^AmfpjdjGi.**—'Mtekanic^ Mageuum^ 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo, 3.r. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6j. Together, 9J. cloth boards. 

*' Students in the Science of Mining, and Overmen, Captains, Managers^ and 
Viewers may gain practical knowledge and useful hmts oy the study of Mr. 
Morgans' Manual." — Colliery Guardian. 

" A very valuable work, which will tend materially to improve our mining litem* 
tox^"'-Mining Journal* 
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Engineering Fieldwork, 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveyirg and Lerelling. Second Edition, revised, with consider* 
able additions, and a Supplementary Vbliime on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy SVo, a 
vols, in one, cloth boards, \U 5^. (pubUshed at 2/. 41.) 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a DescrijHion of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel IIugU£S, 
C.E. New and enlarged edition, l2mo, 4J. 6</. cloth. 

" One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6</. 

" If steam*UBers would but learn this little book by heart, boilcr CKplcflttont would 

become sensations by their rarity."— Meclianic, 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Roles, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and MiUtiples with Right and Left-hand Readings of the ' 
Instrament; Setting out Curves without Theodolite on the l^fstem 
of Tamjential Angles by Sets of Tangents and Ofisets; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in dejpth. 
With numerous wood*cats. Fourth Edition, eniaiged. Crown ovo. 
I2s. cloth. 

"The book is very handy, and the author might h;ivc added that the separate tables 
of sines and tangents to every minute will make it useful for many other puxposes, the 
genuine traverse tables existmg all the 

** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engmeering profession.''--jlfMv 

Earthwork^ Measurement and Calculation of 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Centnd Railway. "Widi 
numerous Diagrams, inno, 2x. doth. | 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway^enginecrs and others employed in the measurement and calculation of earth< 
jyori c will tmd a great amount of practical information very admirably arranged, and 
||||railablc for general or rough estimates, as well as for tlus mora OCaCt Calculations 
^«|ired in the engineers' contractor's offices.*'— vlr/uan. 
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Bridge Construction in Masonry^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, 2/. izs. 6dt half- 
morocco. 

'* One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the failway engineer. ... A work of 

the present nature by a man of Mr. HaskoU's experience, must prove inv'aluable to 
hundreds. The tables of estimates appended to this edition wiU considerably enhicnce 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drftwine, Rojral Naval College^ Greenwich^ fonnerly of R. S. N. A., 
South Kensington. Third Emtion, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, clotl^ strongly bound, 4/. 

" Even accomplished draughtsmen will find in it much that will be of tise to then* 
A copy of it should be kept for reference in every drawing oflikCit,**'^Engituering, 
** Indispensable for teachers of engineering drawing."— ilfMAimnri* Mag€ui$u. 

Obligue Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By ToHN Hakt. Third Edition, with 
Plates. Imperial Svo, Sx. doth. 

Oblique Brieves. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 

BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s. cloth. 

" The standard text book for all engineers regarding skew arches is Mr. Bock't 
treatise and it woula be impossible to consult a better."— ^;a!^><#/r. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised and corrected by ROBERT HUNT, F.R.S., 
Keeper of Mining Records. Editor of " Ure'9 Dictionary of -Arts,** 
&C. i2mo, doth boards, 6s; 

" The best small technological dictionary' in the language."— ^feUlfar/. 

" There is no need now to speak of the excellence of this worie : it received the ap* 
iHOval of the community long ago. Edited now by Mr. Robert Hunt, and published 
in a chenp, han<ly form, it will be of the utmost service asa book of reference scarcely 
to be exceeded in value." — Scotsman. 

'* The absolute accuracy of a work of this character can only be judged of after 
extensive con<;ultation, and from OUT cKamiiwitioa it appears very correct and very 
comfieie."— Mining yauruai* 
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NAVAL ARCHITECTURE AND 
NAVIGATION, ETC. 

> 

Pocket Book for Naval A rchitccts& SlLipbtdlders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMUL/E, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of , Naval Architects. 
With numerous Diagrams, i2mo, strongly bound in leather, 
with elastic strap for pocket, 12^. 6^. \J^^5t ready^ 

Grantham s Iron Ship-Buildmg. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including^ the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c. 2/. 2r. complete. 

" A very elaborate work. . . . It fonns a most valuable addition to the historf 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all intarested in shipbuildmp."— >(ryMtjr 

and Navv Gazette. 

*' Mr. Grantham's work is of great interest. . . . It is also valuable as a record 
of the progress of iron shipbuilding. ... It will, we are confident, command an 
extensive circulation among shipbuilders in general. . . . Byoider of the Board 

of Admiralty, the work will form the text-book on which the examination in iron ship- 
buildin|; of candidates for promotion in the dockyards will be mainly based."— 
Engi$iiHring» 

Pocket- Book for Marme E7igineers, 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A.I.N.A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, 4^*. 
"We recommend it to our readers as going iar to supply a loaff-lelt wanf."-* 
Naval Science. 

"A most useful companion to all marine engineers." — United Service Gazette, 
"Scarcely anything required by a naval engineer appears to hava been te- 
gotten." — Iron, 

Light'Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS; being a Report of 
a Tour of ' Inspection made in 1873. By Major Gborgk H. 
£llioT| Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 ^yoodcuts in the Text Syo, 2lx« doth. 

Surveying ( Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Riverj, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, i2s,6d. doth. 

"A most useful and well arranged book for the aid of a UtaAtnt."— Builder-. 
** Of the utmost practical utility, and may be safely recommended to all SllldeBtS 
who aspiie to become clean and expert surveyors."— Journal, 
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Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Tlatcs and niimerons 
Wood Engravings. Crown 8vo« ios» 6</. cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a RudimeDtary Treatise on Navi- 
gation* Part 1. How to keep the Log and Work it off. Part IL 
On Finding the Latitude and Longitude. By James Green- 
wood, B.A. To which arc added, the Deviation and Error of the 
Compass ; Great Circle Sailing ; the International (Commercial) 
Code of Signals ; the Rule of the Road at Sea ; Rocket and Mortar 
Apparatus for Saving Life ; the Law of Storms ; and a Urief 
Dictionary of Sea Terms. With numerous woodcuts and coloured 
plates of flags. New, thoroui^hly revised and much enlarged 
edition. By W. H. Rosskr, Author of the "Deviation of the 
Compass considered practically," "The Yachtsman's Handy-Book 
for Sea Use," &c., ftc. i2mo, 31. doth boards, \yust published. 

Mathematical and NatUical Tables, 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prelixed a I'reatise on 
Logarithms. 15y IIknry Law, C.E. Toi^ether with a Series of 
Tables for Navigation and Nautical Astronomy. J. R. 

Young, formerly Professor of Mathematics in Belfast College. 
New Edition. I2m(), 4-r. cloth boards. pubHs&d* 

Navigation {Pi'actical)^ with Tables, 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by Jamks Grk.f.nwood and W. H. Rosskr ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. I2m0| 7^. strongly half bound in leather. 

[yuit published. 

WEALE'S RUDIMENTARY SERIES. 

The folkwing books in Naval ArckUecture^ etc.^ are published in the 

above series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kippinc;, N.A. Fourteenth Editioiu Iliustxated. 

l2mo, 2s, 6d. cloth boards. 
SAILS AND SAIL-MAKING. Tenth Edition, enlari::cd, with an 

Appendix. By KoB£&T KiPPlNG^ N.A. Illustrated. i2mo» 3/. 

cloth boards. 

NAVAL ARCHITECTURE. By James Peakk. Fourth Edition, 
with Plates and Diagrams. i2nio, 45-. cloth boards. 

MARINE ENGINES, AND STEAM VJCSSELS. By Robert 
Murray, C.E. With a Glossary of Teclinical Terms, and their 
Equivalents in French, German, and Spanish. Seventh Edition. 
Illustrated. i2mo, 3J. 6</. cloth boards. 
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ARCHITECTURE, &c. 

♦ 

Constrfictian. 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Constniction. By £. Wyndham Tarn, M.A., 
Architect. With 47 Wood Engravings. Demy 8vo. 8^. 6d, doth. 

** A very valuable book, which we strongly recommend to all students." — BmUbr 
No architectural student should be without thtt hand-book."— /I nr^'/^/. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various paiti 

of a Building colleclively, more especially applied to Carpenten^ 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. BEATON, Author of * * Quantities and 
Measurements." Second Edition. Carefully revised. 33 Wood* 
cuts. Leather. Waistcoat-pocket size, is, 6d, 

Beaton s Builders^ and Surveyors TecJmical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. Second Edit. 
With 19 Woodcuts. Leather. Waistooat-pocket size. is. 6d. 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specilications and Estimates. By C. WiCKES, Architect, 
Author of "TheSpiresand Towersof the Mediaeval Churches of Eng- 
land," &C. 31 Plates, 4to, half morocco, gilt edges, 1/. is. 
Also an Emaiged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s. half morocco. 

'•The whole of the designs bear evidence of their being the work of an artistic 
architect, and ihcy w ill prove very valuable and suggestive." — Building Ntw. 

Hotise Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood ^sgravings. 

By Ellis A. Davidsox, Author of ''Building Construction, &c 
Second Edition, carefully revised. i2mo, ts. cloth boards. 
<* Contains a mass of information of use to the amateur and of value to the practical 

man. " — English Mechanic, 

Wilsons Boiler and Factory Chimn^s. 

BOILER AND FACTORY CHIMNEYS ; thdr Dmught-power 

and Stability, with a chapter on Lightning Conductors. By RoBCRT 
Wilson, C.E., Author of "Treatise on Steam Boilers,*' &c., &c. 
Crown 8vo, 31. 6r/. ciuth. 
•* A vAost valuable book of its kind, full of useful information, definite in statement 
and thoroughly practical in treataioiit"*-74r Zoro/ C&'tmm^Ht Chfvm'dt, 
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A Book on Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL. 

By Sir Edmund Bkckett, Bart, LL.D., Q.C., F.R.A.S., 

Author of Clocks and Watches and Bells," dec. Crown Svo, 

with Ilhistrations, ys. cloth. 
" A book which is always amusing and nearly always instruclive. Sir £. lieckett 
will b« read for the raciness of his style. We are aUe very cordially to recommeiid 
all persons to read it for t]icinsclve«:. The Style throughout is in the h^hest degree 
condensed and epigrammatic. " — Times. 

** We commend the book to the thoughtful con!»ideration of all who are interested 
in the haMvgast.**'^BuUder» 

Architecture^ Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plntes ; GRECIAN Archi- 
tecture, by the Eakl of Auerdeen ; the ORDERS of 
Architecture, by W. H. Lkeds, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. Tai.bot liURY ; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, \2s* 

%* Sold separately i in two vols,^ as follms^ 
ANCIENT ARCHITECTURE. Containing Gwilt's Vitraviuf 
and Aberdeen's Grecian Architecture. Price 6;. half -bound. 

N.B.— U the only edition of VITRUVIUS procurable ai a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Design, by Garbett 6j. half-bound. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITFXTS. By George Wight- 
WICK, Architect, Author of " The Palace of Architecture," &c., &c. 
New Edition, revised and enlarged. By G. Huskisson Guil- 
LAUME, Architect. Numerous illustrations. i2nio, cloth boards, 4;. 
*'Wil! be found an acquisition to pupils, and a copy ought to be consdered as 
necessary a purchase as a box of instruments."— /f^'cA/Z^'c/, 

Contains a large amount of information, which young architects will do well to 
acquire, if they wibh to succeed in the everyday work of tlieir profession." — English 
Meektmie. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRA\VING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per* 
spective for Beginners." With 14 Plates, 4to, 7^. 6</. boards. 

Builder s and Coiitractor s Price Book, 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1S79, containing the latest prices of all kinds 
of Builders' Materials and Labour, and of all Trades connected 
with Building, &c., &c. The whole revised and edited by 
Francis T. W. Miller, Architect and Surveyor. Fcap. 8vo, 
strongly half*boiind| 41, 
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Ha7idbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of liuildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c. By Professor » 
Thoicas I>. Donaldson, M.LB.A. With A Revibw op the 
Law of Contracts. By W. Cunningham Glbn, of the 

Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, 2/. zr. 

•* In these two volumesof i,ioo pa«es (together), forty-fo ir sperifications of executed 
works areeiven, inchiding the speciiications for parts of tlie new Houses of Parliament, 
by ^ C£arles Barry, and lor the new Royal Exchange, by Mr. Tlta, lf.P. 
DoiuddMii's Handbook of Spedficadoos must be bought by all arc&itecti.''--^a(iiUrr. 

Taylor and Crcsys Ro7ne, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., E.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial core of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which giv& on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio^ with 130 Plates^ 
haJf-ljound, 3/. t^s. 
*«* Originally published in two volumes, folio, at iS/. iSj. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 

A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. With numerous Illustrations. 
I)emy 8vo, 15/. cloth. (Published at l/. los.) 
%* A voluoieof specifications of a practical character being greatly required, and the 
old standud work of Alfred Bartholomew htatg out of print, the author| on the baib 
of that work, has produced the above. He has also inierted qpedficatioiia of works 
that have been erected in his own practice. 

The Home-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or, What wOl it 
Cost to BuUd, Alter, or Repair? A Price-Book adapted to the 

Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the pric^ carefully 
corrected to present time. Crown 8vo, cloth, 3^. 6d, 
*' In two years it will repay its cost a hundred times over." — FielcL 
" A very handy book for those who want to know what a house will cost to build, 
alter, or repair."— ^w^//j/t Mechanie, 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information ; for Architects, Engineers, Surveyors, Contmctors, 
Clerks of Works, &c., &c. By FREDERICK ROGERS, Ardiitect, 
Author of * 'Specifications for Practical Architecture," &Ci With 
numerous Illustrations. Crown Svo, 6r. doth. 
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CARPENTRY, TIMBER, MECHANICS. 

« 

Tredgold's Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY 1 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different j^urposes, 
the Specific Gravities of Materids, i&LC. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of winch now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. dr., reduced to i/. 5^. doth. 

"Ought to be in every architect's and every builder's library, and thoM who 
do not already possess it ought to avail themselves of the new issue. *— Builder. 

** A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Autlior's principles are rather conlimicd than impsared by 
tioM. The addirional plates are of great inrrinrifi vaiue."— ^iw^UMif Nnut» 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, witli comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
Indnduig all intennediate £zpenses, Freight, Insunmce, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
Second Edition. Carefully revised and corrected. i2mo, 3f.6dl 
doth* 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a host of material concerning bricks, columnst 
cisterns, &c.— all that the class to wnom it sppeals requires."— u£';7^7fM Meehtmie. 

•* The only difficulty we have is as to what is not in its pages. What we have tested 
of tho GontentSftaken zxtixt^m^WvoNmiA'sw^ 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES ; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accountant. 

Second Edition. Oblong 4to, 3^. 6d^. cloth. 

" WiU save much labour and calculation to packing-case makers and those who use 
I>aickiQe«Ma*''''-<^'vvvn '* Invaluable laboiu>aaviqg tables.''»/fviiMPiMMV)rr. 

X^ichoUofis Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
lor CARPENTERS : oomprismg all the Elementaiy Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawingi by G£0RGS Pyne. With 74 Plates, 4to, iL is. cloth. 
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Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing Ncay and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to ariy given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of iJeals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By WiLLIAM DowsiHGj " 
Timber Merchant Third Edition, Revised and Corrected. Crown 
8vo, 3 J. cloth. 

"Everything is as concise and dear as it Can po^ibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it** — HuU Ado^Hiatr, 

Timber Freight Book. 

THE TIMBER IMPORTERS* AND SHIPOWNERS* 

FREIGHT BOOK : Being a Comprdiensive Series of Tables for 
the Use of Timlier Importers, Captains of ShipB, Shipbrokeis, 
Builders, and all Dealers in Wood whatsoever. By WiLLIAM 
KicuARDSONy Timber Broker. Crown 8vOy dr. doth. 

Hortojis ]\ lea surer, 

THE COMPLETE MEASURER ; setting forth the ISIeasure- 
ment of Boards, (ilass, &c., &c. ; Unequal-sided, Square-sided, 
Octagonal-sidcfl, Round Timber and Stone, and Standing 7"imber. 
With just allowances for tlie bark in the respective species of 
trees, and prm>er deductions for the waste In hewii^ tne trees, 
&C.; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Third edition, with considerable and valuai)le additions, tamo^ 
strongly bound in leather, 51, 
"Not only are tlic best methods of measurement shown, and in some instances 
illustrutud iiicms of woudcuts, but the erroneous systems pursued by dishonest 

dealers are rally exposed The woric must be considered to be a valuaUe addi* 

tkui to every gardoier's library.— {^m^inv. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inclies in length, 
by I to loS inches in breadth. Eor the use of Architects, Sur\'eyors, 
Engineers, 1 imber Merchants, Builders, &c. By JamBS Haw« 
KINGS. Fq). y. doth. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the BSC of Building Contractors, Snrveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Marks of Wood, Essay on the Strength of Timber, 
Remarks on the Growth of Timber, &c By W. RICHARDSON, 
Ecap. 8vo, 3^. 6</. cloth. 



^ kju^ jd by Google 



PUBLISHED BY CROSBY LOCKWOOD & CO. 



754^ Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By William Templeton. Twelfth 
Edition, with Mechanical Tables for Operative Smiths, Millwrights, 
Engineers, &c ; and an Extensive Table of Powers and Roots, 
&C., &c. II Plates. i2mo, 5^. bound. 

" As a text-book in which mechanical and commercial demandsare judiciously met, 
Thmplrton's Companion stands ~ Mcclumus Moi^a-Juc. 

** Admirably adapted to tlie wants of a very large class. It has met with great 
snocess in the engineeriog woricshop, as we can testify ; and there are a great many 
men who^ ia a gnat measure, owe their rise in life to this little work.''—^ii«iiM!^ New. 

Engineer s Assista7it. 

THE ENGINEER'S, MILLWRIGHT'S, and MACPIINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by WiLLiAM Templeton. 6th Edition. i8mo, zs, dd, 
cloth. 

So much varied information compressed into so small a space, and published at a 

price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our rtsid&Ts." -Mec/tanics' Alagnzitie. 

"A more suitable present to an ap|»entice to any of the mechanical trades could not 
possibly be ma^**'^BmidiM£ Nntu. 

Designingy Measuri7ig, and Valuing, 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slaler, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By £. Wyndham Tarn, M.A., Svo, lar. 6^. cloth. 

"We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hanging, that is not fully treated upon. — The Artizan. 

** Altogether the book is one which well fulfils the promise of its title-pag;e, and wo 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have nmch increased the iisctiilness of the WOrk> and 
have especLiUy augmented its value to students," — Engineering, 

Plumbing. 

PLUMBING J a text-book to the practice of the art or craft of the 
plumber. With supplementary chapters upon house-drainage, em- 
bodying the latest improvements. By William Paton Buchan, 
Sanitary Engineer. i2mo, with 300 illustrations. 31. td, cloth. 

•'Will be welcomed as the work of a ptactical master of his trade." Puhlh- Halth, 
*' The chapters; on hou«c-draina5^e may be usefully consnltLd, not only hj' i)!uinbcrSt 
but also by engineers and all engaged or interested in house-building." — Iron. 
"A book cootaininga large amount of practical information, put together in a very 

tntelUgent oanncr, hy one who is well c[,iHiU6ed foir tbQ task/'-H^'V/ rrca^ 

Digitized by*GoogIe 
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MATHEMATICS, &c. 

> 

Gr^^ory^s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common. 

]>lace Book of Pure and Mixed Mathematics. DeSgned cfaielb 
br the Use of Civil Engineers, Aichitects, and Surveyors. Put 1 
Purs Mathematics — comprising Arithmetic Algebra, Geometiy, 
Mensuration, Tiii;onometiy, Conic Sections, Properties of CnrveSi 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Static5>, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, i 
Mechanical Agents, Strength of Materials. "With an Appendix oif 
copious Logarithmic and other Tables. By Olinthus Gregory, , 
LL.D., F.R.A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. YouNG, formerly Profes- 
sor of Mathematics, Belfast College ; Author of A Course of 
Mathematics,'* ft& With 13 Plates, Medium 8vo, lA do^ 

The engineer or atcliilect win here fiod t«ftd^ to hit 
•fcry mathematical difficulty that may arise in his practice. The rules are in all cases 
eiqtlainecl by means of exemplar in which every step of the pcooess is ckady woiked 
out," — Builder. 

*'One of the most serviceable books to the practical meduuucs of die country. 

In the edition just brought out, the work has again been revised 1^ 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical erron wlndi 
nave escaped the eyes of the former Editor. The book is now as complete as it is 
possible to make it. It is an instructive book for the student, and a Text* 
book for him who having once mastered the subjects it> treats of, needs occasionally to 
refresh his memory upon them.** — Building News. 
** As a standard work on mathematics it has not been excelled. "—.^y/Mait, j 

The Metric System. ' 

A SERIES OF METRIC TABLES, in which the British 

Standard Measures and Weij^hts are compared with those of th« 

Metric System at present in use on the Continent. By C. H. 

DowLiNG, C. E. Second Edition, revised and enlarged. 8vo^ 

\os. 6d. strongly bound. 

*' Mr. Dowfing's Tables, whidi are wdl put together, come jnst m time as a ready 
reckoner for the conversion of one system into the other.** — AtfUfurum. 

"Their accuracy has been certified by Prof. Airy, Astronomer-RoyaL**— ^wi7<//r. , 
" Resolution 8.— That advantage will be derived from the recent publication U \ 
Metric TaUes, by C H. Dowling, C.K.^'^R^^^SteiimFt Brii, At9tc, Smth. 

C(y>nprchcnsive Weight Calculator. 

THE WEIGHT CALCULATOR; being; a Series of Tables 
upon a New and Comprehensive Plan, exhibitini^ at one Reference 
the exact Value of any Weight from i lb. to 1 5 tons, af. 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining J 86, 000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Hbnry Harben, Accountant, Sheffield, Author 
of "The Discount Guide." An entirely New Edition, carefully 
revised. Royal 8vo, strongly half-bound, U. is. [jrmt j^OUsM. 
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Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merclumts, ManufiicturerSy Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of GoodSi and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing; one or more Discounts : to which 
are added Tables of Profit or Advance from i.^ to 90 per cent., 
Tables of Discount from to 98! per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harden, Accountant, 
Author of **The Weignt Calculator." New Edition, carefully Re- 
vised and Corrected. Demy 8vo (544 pp.), half- bound, 51. 

Inwood^s Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Amiuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Neat 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect. The 20th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. Fedor Thoman^ cf the Society 
Cr^ Mobilier of Paris. l2mo, Sr. doth. 

** Those interested In the purchase and sale of estates, and bi die adjustment dT 

compensation cases, as well as in transactions in annuities, life inSUfUloeS, ftc, will 
find the present edition of eminent service." — Engineering. 

'* * Inwood's Tables' still maintain a most enviable reputation. The new issue has been 
enriched by laiye additional contributions by M. tcdor Thoman, whose carefully 
ananged Tables cannot fail to be of the utmost utility/'— ^^/M^ymnna^ 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 

Mechanic ; giving Rules for the Delineation and Application of 

various Geometrical Lines, Figures and Curves. By E. W. Tarn, 

M.A., Architect, Author of "The Science of Building," &c. 

With 164 Illustrations. Demy 8vo. lar. cloth. 

''No bookwidi the same objects in view has ever been pobliihed i&wludi the 
clearness of the rules laid down and tlie Uhistrative diagrams have been so satis- 

Uxibacf"— Scotsman, 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more DiiBcolt Computations A 
Interest, Discount, Annuitiesi &&, in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FftDOR Thoman, of the Societe Credit Mobilier, 
Paris* 3rd Edition, carefully revised and corrected. i2mo,4J. 6^. cl. 

A very powerful work, and the Author bas a vory lemarkablc command of his 
mbjcct."— /'r^/rwi^r A, di Marfan. 

^'yft nooamtad it to tin notice of actuaries and ac c aiinnBHfc * «*w< M#iM i iw . 
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SCIENCE AND ART. 

Dentistry. 

MECHANICAL DKNTISTRV. A Practical Treatise on the 
Construction of the various kinds of Artiticial Dentures. Com- 
prising also Useful Formula;, Tables, and Receipts for Gold I 
Hate, Clasps, Solders, etc, etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, *js. 6d, Cloth. 

"The work is very ^nctxcaX.**— Monthly Rez'ietu of Dental Surety. 

** An nmhoritative treatise Many useful and practical hints are scattered 

throughout the work, while its value as a text book is eubanced by numerous illus- 
tnUions. We can strongly recommend Mr. Hunter's treatise to all students pre* 

Sirins for the profession of dentistry, as wtU as to every mechanical doitist."-* 
^Uh yourttal qf Medical Scienc§, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B. A. Crown 8vo, 3J. 6d, cloth. 

"A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser. 

" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sore its perusal will be attended with adTantage."— ifmcvn 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services* Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols. loyal 8vo^ extra 1 
cloth boards, and lettered, 4/. ioj-. I 

"A compendious encyclopsedia of military Vrxo-wlcdgt^-^Edinburgh Review. 
" The most comprehensive work of reference to tlic military and coUaterai science 

Field FortificcUion. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late rrofessor el 
Fortification in the R. M. A., Woolwich. Sixth Edition, crowB 
8vO| doth, with separate Atlas of 12 Plates, \2s. complete. 

Dye- Wares and Colours. 

THE MANUAL ol COLOURS and DYE-WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &C. By J. 
W. Slater. Post 8vo, *js, 6d. cloth. 

"A complete encyclopaedia of the materia tinciotia. The information is full 
and precise, and the methods of determinmg die value of articles liable to sophi;»tica« 
tioQ, an ipiactiail as as valuaU«i.''»CAri>f m / and Drt^gf^ifL \ 
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Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OY ELECTRICITY. By 
Henry M. Noad, Ph.D., F.K.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. pREEf:K, Vice-President of the Society of I clcgraph 
Engineers, &c. Illustrated with 470 Illustrations. Crown 8vo, 
lis, 6d. cloth. [Just published. 

*' A reflex of the existing; stnte of Electrical Science adapled for students." - 
W. IL iVcece, Esq. , vide *' 1 ntroduction." 

*' Wc can recommend Dr. Noad's book for clear st^'le, great range of subject, a 
good inde.>^, and a plethota of woodcuts. Such collections as the present are indU- 
pensablc. " — A thenaum. 

" An^admirabie text-book for every student — beginner or advanced- of electricity.'' 
^^Engineering, 

*' A most elaborate compilation of the facts of electricity and magnetism."— 

Science Review. 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag. 
netivm, Diam^netism, Electro-Dynamics, Magno- Electricity, and 
the Electric l^legraph. By Henry Noad, Ph.D., FX.S.» 
Fourth Edition, with 500 Woodcuts. 8iro, i/. 41. doth. 

*'The accounts jj;ivcn of electricity and galvanism arc not only complete in a icitntific 
sense, but, which is a rarer thing, are popular and interesting."— -ZfajK*//. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S, 
New and enlarged Edition^ with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. l2mo, doth, 
" As concise and lucid an exposition of the phenomena of magnetism as we believe 
il is pObMble to write." — Englisk Meckanie. 
" The best possible manual on the subject of magnetism."— JlfafA<iii&/ Magaaiiie. 

Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMTCAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." NmEdUim, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, izs, 6d, doth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
afhrmed to be of universal interest, and we strongly recommend it to our readers as a 
giiide, alike indispensable to the housewife as to the pharmaceutical practitioner. 
Metrical Times, 

" P'.ssential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Nature, 

Moliusca. 

A MANUAL OF THE MOLLUSCA ; being a TVeatise on 
Recent and fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 'js. 6d, doth. 
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Gold and Gold-Working. 

THE PRACTICAL GOLD- WORKER; or. The Goldsmith's 

and Jeweller's Instructor. The Art of Alloy inq:, Melting, Re- 
ducing, Colouring, Collect injr and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By G£ORG£ 
E. Gee. Cro\^Ti 8vo, 7j. 6d. cloth. 

"A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentiallya book 
for the workshop, and exactly fulfils the purpose intended." — Horological Journal. 

** The best work yet printed on its subject for a reasonable price. We have no 
doubt that it will speedily become a standard book wbich feir wiU care ta be withp 
out."— 5^rwr4fSrr Mtd MtttUworktr, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBpOK, containing full In- 

structions for the Alloying and Workincr of Silver, incliuling the 
difTerent modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George E. Gee, Jeweller, &c. Crown 8vo, with numerous 
illustrations, is. 6d. cloth. 

"This work is destined to take up as good a position in technical literature as the 
Practical CflUwor/ccr, :i.hoo\i which has passed through the ordeal of critical eX" 
aminatioa and business tests with great success." — JcwelUr and Metaltuifrker. 

Clocks^ Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., QC, F.R.A.S., Author of "Astronomy with- 
out Mathematics^" &c. Sixth edition, thoroughly revised and 
enlai^ed, with numerous Illustrations. Limp doth (No. 67t 
Weale's Series), 41; ; doth boards, 51. ^ 

** As a popular and practical treatise it is unapproached. " — English Mechanic. 

"The Dest work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. To call it a rudimentary treatise is a misnomer, 
at least as respecu clocks and mUl It it the moat tmportaiit work of its land in 
English. " — Enginreriug. 

*^The only modem treatise on t^ocV-miSCmg." —Horological Journal. 

*< This admirable treatise on clocks, by the molt able authority on sudi a subject, 
Is oompletoly perfect of its )uaA>*''~^Umdard, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on— I. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua- 
views of Dr. Colenso x The Sttpematumlly Impossible ; 6. The 
Age of the Fixed Stais— their Distances and Masses. By Ftolessor 
J. R. YouNa Fcap. 8vo, 5/. doth. 

•'Distinguished by the true spirit of scientific inquiry, by great knowledge, by keel 
> ^ tofiod abili^, and by a style peculiaily dear, eaqr* ani WBt9fiaiiii:*'^Nomtmiwmi%U 



^ kju^ d by Google 



PUBLISHED BY CROSBY LOCKWOOD ft CO. ^ 



DR. LARDNER'S POPULAR WORKS. 
JDr. Lardners Museum of Science and Art, 

HE MUSEUM OF SCIENCE AND ART. Edited by 
lONYSlus Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravuigs on Wood. In 6 Double Volumes. 
Price £\ is,, in a new and elegant doth binding, or handsomely 
bound in half morocco, 3ijr. 6ti, 

"The 'Miueum of Science and Art' it the most doable oootrihnliim that hu 

ever been made to the Scientific Instruction of evoy class of iOCietJ."— if Z>«V«f^ 
Brtwster in the North British Review, 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Exammer. 

\* SeparaU books formed from the abave^ smiabU for IVorkmm^s 

Ubrories^ Science Classes^ 

COMMON THINGS EXPLAINED. Containmg Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 

Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and £ngrav« 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. (ki, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popohir Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus« 
trations, cloth gilt, 2j. dd, 

STEAM AND ITS USES. Including the Steam Engine, the Lo* 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2.5. 

POPULAR ASTRONOMY. Containing How to Observe tlie 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. dd. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trationst doth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation* 100 lUustrations, doth gilt, i^. 6dC 

Scientific Class-Books^ by Dr. Lardmr. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 
328 Illustrations. Sixth Edition, i vol td, doth. 
*' Conveys, in clear and precise terms, general notions of all the principal diviuons 

of Physical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lahdner. 
With 190 Illustrations. Second Edition, i vol. 31. 6d, cloth. 
*'a«iitrwntten,wdl arranged, and < «c el b ntly ilhiitrBtcd."'-C<wtoiiri^C*wife^. 
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DR. LARDNER'S SCIENTIFIC WORKS. 

Astro7iomy. 

THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited 
by Kdwin Dunkin, F.R.S., RI. Observatory, Greenwich, With 
38 plates imd upwards of 100 Woodcuts. Cr. 8vo, 9ir. 6df. doth. 
"Probably no other book contains the same ftnuwiit of infonBadon in 10 oooi- 
pendious and well-arranged a forin."*-^M#«MniNW. 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With SM 
lilustrations. New edition, small 8vo» cloth, ^s, (hL 732 pages. 
*' We have no hesitation in cordiaUy xeoominendiog it''~^iifai/«wiii/ Times* 

Electric Teles^^^aph, 

THE ELECTRIC TELEGRAPH. New Edition. ByE. B. 
Bright, F.R.A.S. 140 Illustrations. Small Svo, 2j. dd, cloth. 
" One of the mo&t readable books extant on the Electric Telegraph,"— MecManic. 

LARDNER'S COURSE OF NATURAL PHILOSOPHY. 

MccJianics. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post Svo, 6j. cloth. 
"The perspicuity of the original has been retained, < and chapters which had 
become obsolete, nave been re])!:iced by others of more modem character. The 
explaiiations throughout are studiously popular, and care has been taken to show 
the applicatiim of the varioui teaaches ot physics to the iadustrial aita» aod to 
the practical biKioess of VSt^^-^MiMit^ JowmaU 

Heat. 

THE HANDBOOK OF HEAT. Edited and ahnost entiidy 
Rewritten by Benjamin Loewy, F.R.A.S. etc. 117 Illastn- 

tions. Post Svo, 6 J. cloth. 

" The style is always clear and precise, and conveys instruCtiOB without leaviOC 

any cloudiness or lurking doubts behind." — Euginceriug^ 

Hydrostatics and Pnetwiatics, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Xx>SWY, 
F.R.A.S. With 236 Illustrations. Post Svo, 5J. cloth. 
" For those * who desire to attain an accurate knowledge of physical science with- 
out the jirofound methods of mathematical iavestig»tioa»* tliis wwfc IS aot merely i&> 
tended, but well adapted." — Chemical News. 

Electricity y Magnetism^ and Acoustics. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Carey Fostex, 

B. A., F.C.S. With 400 Illnstrations. Post Svo, ^s. cloth. 

" The book could not have been entrusted to any one better calculated to preser%-e 
the terse and lucid style of Lardner. while correcting his errors and bringing up hit 
work to the praseat state of sdeatific knowledge.*'— i/^^wAM* ScUnct Aitfuw. 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrationg. Post Svo. 5^. cloth. 
'* Written by one of the ablest English Scientific writCTS, beautifiiUy and elabotatclf 

illustrated. " - Mi chanics Magazine, 

%♦ Thc€ibfW<% VoU^fortti a Complete CoVRSS OF NatURAI* 

^ PHlLOSOPiiY. 
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Woods and Marbles {^Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van dsr Burg, Directors of the Rotterdam Painting 
Institutibn. Illastrated with 24 full-size Colohred Plates; also 
12 Plain Plates, comprising 154 Figures. Rojral folio, bound, 
2/. 12/, 6^ \yust published. 

Pictures aiid Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIG- 
TIONARY OF PAINTERS : being a Guide for Visitors to 
Public and Private I'icture Galleries, and for Art-Students, in- 
cluding an explanation of the various methods of Painting ; In- 
structions for Cleaning, Re-Lining, and Restoring Oil Paintings ; 
A Glossary of Terms; an Historictu Sketch of the Principal Schools 
of Painting; and a Dictionary of Painters, giving the Copyists 
and Imitators of each Master, By PHILIPPE Daryl, B.A. Crown 
8vo, 3^. 6t/. cloth. 
" The bulk of the book is occufued bv a dictionary of painters which, considering 
Its small comi )a>s, is really admirable ; the udlity of a table of dates of painters in so 
portable a form is unquestionable. ^ We cordially recommend the book.' —Builder. 

•* Useful as bringing; together in a compendious form an almost complete blO* 
graphical stock of information respecting the painters of the world. ' — May/air. 

Popular Work on Painting'. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small Svo, Gs. cloth. 

\* This IVork has been adopted as a Frize-bgok in the ^Jiools of 
Art at South Kensington, 
Gmtains a larce amount of original matter, agreeably conveyed. ^-^Buildtr. 
** Much may be learned, even by those who fancy they do not require to be taught, 
irom the careful perusal of this unpretendmg but comprehensive treatise."— ^r/ jfourftal. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
laiged and adapted to the use of the Ornamental Painter and 
Designer, by Eixis A. Davidson. With new Coloured Diagrams 
and numerous Engravings on Wood. i2mo, 3^. 6^/. clotli !)(»ards. 
The book is a most useful risumi of the properties of pigments." — Builder. 
** One of the most useful of students' booUy and probably the best known of the 
few we have on the su\^tGt"^ArchU€Ct, 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A LADY, In embleomttc viapper, hand* 
somely printed, with Ten lai^ FlateSy 2x. 6d. 
*'The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
rom * A Lady's ' publication.*'— ^M««iwil»«. 

Letter Painting. 



THE ART OF LETTER PAINTING MADE EASY. By 
Tames Greig Badenoch. Illnstiated with Tw^ve full page 
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Delamottis Works an I Uumination & A IphabetL 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of B^^iniieis : widi a Rudunentair Tkeatise on the Ajt, Fkac- 
ttod DirMtions for its Eawrdse^ and nmnefoiis Emnples takea 
from muminaited MSS., printed in Gold and Colours. By F. DlLA* 
If OTTB. Small 4to, gt. Elegantly bound, cloth antique. 

"A handy book, beaiatifuny illustrated ; the text of which is well written, and cal- 
culated to be useful . . . llie examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from coUections accessible to all, ara 
tdeolad with j udgmeDt and knowledge^ as wdl ai taattt."— X thmmum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL; 
from the Eighth Century, with Numerals ; including Gothic, 
Churdi-Tezt, large and snuJl, Genuan, Italian, Ambesque, Inititis 
fat Mnmination, Monograms^ Crosses, &c &c., for the use of 
Arcfaitectmal and En^neering Draughtsmen, Missal Painteni 
Masons, Decorative Painters, lithographers, Engmvers^ Caifcn, 
&C. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s, ornamental boards. [.7^^^ published. 

"A well-luiown engraver and draughtsman has enrolled in this liselul book the 
ratult of many vean* study and research. For those who insert enamelled sentencei 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls widi pithy sentences toa the Decalogue, this book will be usefiiL"— ^^M/xMraow. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic^ Per* 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 

Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal Svo, 
oblong, 2s, 6d. ornamental boards. [Hf^^ pubUsM, 

'* To artists of all cla<vses, but more espedaOy to architects and angrayers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent whic 
has bean cxpaided in the coaoepCMA of the various plain aaa ornamental letten ii 
wendcifiiL'*«-*$' /aw < /gnf . 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUBil- 
NATORS. By F. Dslamottx, nimninator. Designer, and 
Engraver on Wood Containing 21 Plates, and Illtmiinated Tide^ 
printed in Gold and Colours. With an Introduction by J« Willis 

Brooks. Small 4to, 6^. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblaaooed in these characters would be 
only comparable to one of those delicious lovelettenqrmboliiediliahlllicltof flowM 
well lelectod and cleverly arranged." — Sun. 

THE EMBROIDERER^S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias* 
tical Devices, Medieval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal Svo, i.r. 6<^. in ornamental boania. 
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AGRICULTURE, GARDENING, &c. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of tbe 
Potato. By James Pink, Author of How to Grow One Thou- 
sand Pounds of Potatoes from I lb. of Seed." With Illustrations. 
Second Edition. Cr. 8vo, %5. doth. \yust fublisked. 

" A well written little volume. The author ^ives good furactical inatructioilS 
under both divisions of his subject." — AgricultHral Gazette, 
"Cordial jjraise must be given to Mr. Piiik for his thoroughly ppictical and useful 

work. "— Chronicle. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, with cultural directions for the 
management of them all the year round. By George M. F. 

Glenny, Editor of "Glenny's Illustrated Garden Almanack," &c. 
With Illustrations, I2mo, 25. cloth boards. [Just Fublished. 

" As a gruide to hardy kitchen gardening-, this book will be found trustworthy and 
useful to the many who cannot spare the time to consult more comprehensive and 
detailed works."— AT^^A £rti£sk Agriculturist 

Bulb Culticre. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations, Plans, and numerous Wood Engravings. 
Crown 8vo, 3^. td. cloth. 

"Stipplies the want which has hitherto existed of aay sufficiently modern work of 
the kind. The book contains practical suggestions as to the arrangement of 
the flowers, and the growth of flower-roots for the trade, as well as for amusement." 
'■Saturday Review, 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc., etc. By John 
EwARTi author of "The Land Improvers Pocket Book,'^ etc. 
With numerous Illustrations. Cr. 8vo, 5^. doth. 

"A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time, when the question of the food supply of 
the country has become one of the leading topics of the day." — Meat ami Provision 
Traded Revitw, 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spoonkr, M.R.V.C, cS:c. 
Fcurft Edition, with fine engravings, indudmg specimens of New 
and Improved Breeds. 366 pp., 4r. dotlu pubiished. 
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Good Gardening. 

A .PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Floweis. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gsudens and 
Grounds, &c. By S, WOOD. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, ^s. cloth. 

•* A thoroughly useful guidebook for the amateur gardener."— Z^ft/Tv Telesr^aph. 
*' A very good book, and one to be highly recommended as a practical guide. 
The practical directions are excellent'*— ^/A«»<nmc 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of I^uid produce £t20 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 

Houses, so as to realise per annum dear Profit. By SAMUEL 
Wood, Author of " Good Gardening," &a 3rd Edition^ revised. 

\Vith Wood Engravinf^s. Cr. 8vo, 2s. cloth. 
Wc are bovuid to recommend it as not only suited to the case of the amaleurand 
gentleman's gardener, but to the market grower.'' — Gardeners Magazine. 

Culture of Fruit Trees, 

FRUIT 'trees, the Scientific and rrofitable Culture of. From 
tlie French of Du Brkuil, revised by Geo. Glenny. 187 
Woodcuts. i2mo, 4^. cloth. 

Scott Burn's System of Modern Farvtifig. 

' OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Fanning Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, lS:c. NewEdition. 
In I voL 1250 pp., half-bound, profusely illustrated, I2j. 
"There is sufl^dent stated within die limits of this treatise to prevent a fivmer 
from goii^ far wrong in any of his operations." — Obset^er. 

Ewarfs Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiS, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John EwART,Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblonq;, leather, gilt edges, with elastic band, 4^. 

*' A compendious and handy little volume." — S/>i\ fafor. 

Hticison s Tables for Land Vahiers, 

THE LAND VALUER'S BEST ASSISTANT: being TaWes, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provindal 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32m(), leather, gilt edges, elastic band, 4-r. 
"Of incalculable value to country gentlemen and professional men. " — Farmer* i Journal. 

Complete A ^ricitltural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLE TE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 6d. 
"We consider Hudson's book to be the best ready-reckoner on matters relatine to 
the valuation of land and crops we have ever seen, and its combinatioil with Mr. 
Ewart's work ereatly enhances the value and usefulness of the latter-mention«d . • 
It is most usefiil m a manual for reference.' — AW-M 0/ England Fanner. 
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Yauatt and Burtis Complete Grazier, 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 

By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the ])rcscnt rc(|uireincnts of 
agricultural practice. By Robert Scott Burn, Author of "The 
Lessons of My Farm," &€. (Jiie large 8vo volume, 860 pp. with 244 

Illustrations, i/. is. hali-bound. 
" Tbe standard and text-book, with the ihnnerand grazSer.*— /Vxrut^f Magautu, 
"A trcatke which will remain a rtandard work on the Subject askmgas British 
agriculture endures." — Mark Lam Expreu* 

JDonaldson afid Burns Subnrbaii Farming, 

SUBURBAN FARMING. A Treatise on the Layin.-J Out and 
Cultivation of Farms adapted to the produce of ^lilk. Butter anil 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice by Robert Scott Burn. With numerous 
Illustrations. Crown 8vo, 6x. cloth. 

"An admirable treatise on nil matters connected with the laying«OUt and Cultivation 
of dairy farms.'' — Live Stock jfourttal, 

Scott Bum's Introduction to Fanning. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c. By R. Scott Burn. With numerous lUus. Fcp. 6^. d. 
** A co mpl e t e introduction to the whole round of larming practice.''»7«^ ButL 

Auctioneer's Assista7tt, 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally ; 
with Prices for Inventories, &c By JOHN Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C NORRIS* Royal 32mo, cloth, 5^. 
"A neat and oondse book of rofer^nce, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, 'Standard, 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farmii^, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. ScOTT Burn, 
Fcp. 8vo. numerous Illustrations, 3/. 6</. 

" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — Jointuil of forestry, 

" A very useful vade-mecum to such as have the care of Iand."~^/<^. 

" Should be in the hands of all young men whose pursuits are in amy way con- 
nected with land." — Estates Gazette. 

'* A valuable and important work on a subject of imperative moment, as there is a 
large and daily increasmg demand for £um produce of alUdndSi"— >/Vinw^# Herald. 
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Complete Epitome of tJie Laws of this 
Country'* 

EVERY MAN'S OWN LAWYER ; a Handy-Book of tlie Prin- 

dpies of Law and Equity. By A Barristbb. l6t]L Edition, 
Revised to the end of last SessioiL Including a Summary of the 
principal Acts of the past Scs^^ion (1878), viz. : — The Bills of Sale 
Act, The Weights and Measures Act, The Dentists Act, The 
Public Health Act (as to the Supply of Water to Dwelling- 
houses), The Matrimonial Causes Act (as to aggravated Assaulu 
upon Wives), cSic, &c. With Notes and References to the Au- 
thorities. Crown 8vo, price df. %<L (saved at every consultation), 
stronc^j bound. VJ^^i pubHsked. 

COMPRISING THE LAWS OP 

Bawciuptcv— Bills of Exchange — Contracts and Agreements — Copvright 
—Dower and Divorce— Elections and Registration — Insurance— Libbl 
AND Slander— Mortgagbs—Sbttlbments— Stock Exchangs Practicb— 
Tkadb Masks and Patbnts— Tibspass, Nuisances, etc.- Transfbk ov 
Land, etc. — Warranty — ^Wills and Agreements, etc. Also Law for 

Landlord and Tenant — Master and Servant — Workmen and Apprentices — Heirs, 
Devisees, and Legatees — Ho^ondand Wife— Executors and Trustees — Guardian 
and Ward — Married Women and Infants — Partners and Agents — Lender and 
Borrower — Debtor and Creditor—Purchaser and Vendor — Companies and Asso- 
datums — Friend^ Societies— Qet^Symen, Chttrchwatdens — Medical Pnctitioiiers, 
&C. — Bankers — Farmers — Contractors — Stock and Share Brokers— Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Inakeepers, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c., &c. ' 
'* No Englishman ought to be without this book."*— f ns^n/^r. 
"What it professes to be — a complete epitome of the laws of this country, thoroughly 

intelligible to non-professional readers. 'I'he book is a handy one to have in readiness 

when some knotty point requires ready solution." — Belts Lift, 

" A concise, cheap, and complete epitome of the English law, so pl^nly vtitttn 

that he who runs may read, and he who reads may understand." — Fis^aro. 

•* A useful and concise epitome of the law, compiled with considerable care." — 

La%u Magazine. 

" Full of information, fitly expressed without the aid of technical expres'^ion'^, and 
to the general public will, we doubt not, prove of considerable worth." — EcQiiotniit, . 

Auctioneering, 

ALXTIONEKRS : THEIR DUTIES AND LIABILITIES, 
By Robert S<iUiBBS, Auctioneer. Demy 8vo, ioj. 6(t. cloth. 

\jfitst published, 

**'Ntt. Squibbs writes with evident knowledge of his subject and shrewd commoa 

sense. His book should be useful to youDg auctioneers, and servioeable far 
reference even to oki onc&,"—ScotsMaft, 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical (luide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, Architect and Surveyor. i2mo^ 5^. doth beards. 

"We are glad to be able to recommend it." — Builder, 
" The advice is thoroughly practical."— Zrazv JoumaL 



Brodburj, A^new, & Co., Priatm, Whitcfriast, London. 
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PHILADELPHIA, 1876. 
THE PRIZ£ MEDAL 

Was amidad to ^ Pablidwn ibr 
BMIa : SndlBMituy MMtUe, 

"WEALE'S SERIES," ETC. 

A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 

AND CLASSICAL. 



LONDON, 1862. 
THE PRIZE MEDAL 

Was awarded to the PublUheri of 





JVit'sr l> 'Pillar and cheap Series of Books, norv comprising nearly I'htrf lhin(1red 
distinct works in almost every department of Science, Art, and liducatton, are 
commended io ik$ notice eif Engineers, Archifecfs, Buildent, A rHumM , mnd SfndenH 
generulfy^ «r wett at U ikoee intereeted m , 
LiUmiy emd Scientific Imiituiums^ CeUexee^ SeMeets, Science L ieuwet, 

N.B.'-In ordering from this List it is recommended^ as a means of facilitating 
business and obviating error, to quote the numbers affixed to the volumes, as well as 
the titles and prices. 

*«* The 'prices quoted arc for Itmp cloth ; but tho voltunot marked with a % maj 
be had strongly bound in cloth boards for 6d. extra. 



BUDIMENTA RY SCIENT ITIC SEKIES. 

No. ARCHITEC3TURE, BUILDING, ETC. 

I6. ARCHITECTURE— ORDERS— TtiQ Orders and their ^Esthetic 

Principles. Bv AV. H. Lekds. Illustrated, is, 6d. 

j;. ARCHITECTURE—STYLES— ri\i^ History and Description of 

the Styles of Architecture of Various Countries, from the Ivuliost to the 
Prcssent Period. By T. Talbot B URY, F.K..I.H.A., &c. Illustrated. 2S, 
\* Ordhrs and Styles of Archithcture, in One Vol.^ ^s. bd. 
l8. ARCHITECTURE— DESIGN— TYit Principles of Dcsic^n in 
Architecture, as deducible from Nature and ezemplincd in the Works of tho 
Greek mnd Gothic Architects. By E. L. Gakbbtt, Architect. Illustrated. %%. 
%• Tks fkreg ^netdin^ Works, in One handsome Vol., Mat/ bound, entitled 

"MODRKN ArCHII ECTLRH," /ir/(r<» 6j. 

22. THE ART OF BUILDING, Rudiments of. General Principlwi 

of Construction, Materials used in Buildingr, Strength and Use of Materials, 

Working Drawtnt^, Specifications, and Estimatos. By K. Donsov, 7%.% 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. Eow. 
DoBSOir,M.ILLBji. With Additions by C. Tomunson, F.R.S. Illnstmted. 5s.t 



The X indicates that these vob, may be had strongly bound at (yd. extra. 
CRO«i«Y LOCKWOOD AND CO.. 7« STATIONKRS' HALL COURT, E.C. , 
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Architecturay Building, etc., continued. 
as. MASONR Y AND STONECUTTING, Rudimentary Treatise 

on : in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wing-Walls, Domes, Oblique Bridges, and 
Roman and Gothic Vaulting, are concisely explained. By Edward lXlilMa> 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams, as. 6d.t 

4^ FOUNDATIONS AND CONCRETE WORKS, a Rudimentary 
Treatise on ; containing a Synopsis of the principal cases of Fooadation 
Works, with the usoil Modes of Treatment, and Practical Remarks on 
Footings, Plankine, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M Jbi. J.B»^, &c Fourth fidition, revised by 
Gborob Dodd, C.B. nitistnted. Xi. 61. 

42. COTTAGE BUILDING. By C. Beuce Allew, Ardutect 

Eighth Edition, revised and onlarped. Numerous Illustrations, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, Itc. By G. R. Burnbll, C.E. Eleventh Edition. is.6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; betnR aeondse Bsposition of IhoGeaeial Principles of tiie Art of Wan- 
ing and Ventilating Domestic and Public Buildings, Mines, Light h o nt, 
Ships, 8tc. By Charles Tomlinson, F.R.S., 8tc. Illustrated. 3s. 

83««. CONSTRUCTION OF DOOR LOCKS. CompUed from the | 
Papers of A. C. Hons, Esq., of New York, and Edited bj Crakus Tom* ■ 

UNSON, F.R.S. To which is added, a Description of Fenby*s Patent Locb, 
and a Note upon Iron Safes by Robert Mallbt, M.I.C.E. IUus. 28. 6d. 

III. ARCHES, PIERS, BUTTRESSES, &*c.: Experimental Essays 
on the Principles of Construction in ; made with a view to their being useful 
to the Practical Bmlder. By Wiluam Bland. Illiistxatad. zs.6d. j 

tt6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the;Architect and 
Builder, By T. Roger Smith, M.R.I. B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Woiks of RoBlsoir, FteKt, sad 

Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPEM^ the Alt oL 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inqmiy into the Principles 
of Beauty in ; with a Historical View of the Rite and Pio gi e a a of the Alt ia 
Greece. By the Earl of Aberdeen, is. 
V n€ tu» tne§d^ Workt in Ot$s kandsome VoL , ka(f botmd, emmud ••Amcaan 

A\KcmTECivKv ** Pn'ce 6s. 
132. DWELLING-HOUSES, a Rudimentary Treatise on the Erecdoo 
of. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.% 

156, QUANTITIES AND MEASUREMENTS, How to Calculate and 

Take them in Bricklayers', Masons*, Plasterers', Plumbers*, Painters', Paper- 
hangers*. Gilders*, Smiths*, .Carpenters*, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor, New and Enlarfsrcd Edition. Illus. is. t^I. 

175. LOCKWOOD ^ CO:S BUILDER'S AND CONTRACTOR S 
PRICE BOOK, for 1880,. containing the latest Prices of all kinds of Baildoi^ 
Materials and Labour, and of all '1 rades connected with Buildinpf : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Snireyors, and the Metropolitan Bye-Unvs. £dited br 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d,; half IXMind, 4s. 

cSa. CARPENTRY AND JOINERY— llm ELEMENTARY Prin- 
CiPLis OF Carpentry. Chiefly composed from the Standard Work of 
TteOMAS TkRDOOLD, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY 1^ B. WVHIHUM 
Tarn, M.A. Numerous Illu strations. 3$. 6d. J 

Tks % iudiuUn thai iAest voit. mi^ i§ h ad strtmgly bound a t (:d. exim, 

tOKDOir: CROSBY LOCKWOOD AND CO., 

. kju^ d by Google 
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Architecture, Building, etc., contutued. 

l8a«. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the foregoing book. With Descriptivo Lett«ipi««. 4to. fis.; 

cloth boards, 7S. 6<j. 

187. fflNllS TO YOUNG ARCHITECTS. Bjr GsoftOB WiORT- 

WICK. New, Revised, and enlarged Edition." By G. HUSXUSON GlJIEXAI7lll« 

Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Pnctical Blannal of. Wilii 9 Coloorod Platei of Woodf 

and Marbles, and nearly 150 Wood Engravings. By Ei.lis A. Oavidsoii* 

Second Edition, carefully revised. 5s. cloth limp ; 6s. cloth boards. 

189. 2'BE RUDIMENTS OF PRACTICAL BRICKLAYING. 
In Six Sections : General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, 8tc. By Adam HAMMOin). Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Flnmber. With Chapters upon House Drainage, embodying the latett 
Improvements. Second Edition, revised and much enlarged. Containing 300 
Illustrations. By W, P. Buchan, Sanitary Engineer. 3s. 6d.t 



19a. THE TIMBER' IMPORTER'S, TIMBER MERCHANTS^ 

and BUILDER'S STANDARD GUn:)K ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy. 
Second Edition, Revised, ^s.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 
James Greig BAOlNOai. lUttttrated with iz fuU-pagc Engravings of 
Examples, u. \^utt ptibiuhed. 

CIVIL ENGINEERING, KTC. 

13. CIVIL ENGINEERING^ the Rudiments of; for the Use of 

Beginners, for Practical Engineers, and for the Army and Navy. By Henry 
Law, C.E. Including a Section on Hydraulic Engineering, by Gborob K. 
BuRNBLL, C.E. 5th Edition, with Notes and Illustiationa by Robert 
Mallbt, A.m., F.R.S. Illustrated with Plates and Diagrams. 5s.± 
29, THE DRAINAGE OF DISTRICTS AND LANDS, By G. 
Drysoalb Dbmpsby, C.£. New Edition, enlarged. Illustrated, ts. 6d. 

30* THE DRAINAGE OF TOWNS AND BUILDINGS. Bf 

G. Drysdalk Dempsey. C.E. New Edition. Illustrated. 2s. 64» , 
*•* JVM " Drainage of Districts and Lands, in One Vol., \s. 6d, 

31. WELL-DIGGING, BORING, AND PUMP- WORK. By 
Torn Gborob Swindbll, Assoc. R.I.BiA. New Edition, revised by G. K. 

liuRNELL, C.E. Illustrated. is.6d. 
35* THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the I^lowing up of Bridges. 
By Gen. Sir John Burgovnk, Bart., K.C.B. Illustrated, is. 6d. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES. 
Particularly describing the Britannia and Conway Tubular Bridges. 
With a Sketch of Iron Bridges, and Illustrations of the Application of 
Malleable Iron to the Art of Bridge BaOdiag. By G. D. DBMPtBY, C.E. 
New Edition, with Illustrations, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on. By Sir Macdonald Stephenson, C.E.^ New Edition, enlarged 
by Edward Nugent, C.E. Plates and numerous Woodcuts. 3s. 
to*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Piactical Remarks on the 
Repair of old Sea Walls. By John WiooofSy F.G^. New Edition, with 
Notes by Robert Mai.let, F.R.S. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumpintj Machinery 
for raismg Water. By Samubl Huohbs, 1;.G.S.« C.E. Mew Edition, 
revised and enlarged, with numerous nittstrations. 4s4 

The X indicates that these vols* may be had strongly bound at dd, extra. 
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Civil Engineering, etc., continued. 

»2**. GAS WORKS, and the Practice of Manufacturinf^ and Distributing 
Coal Gas. Bv Samuel Hughes, C.£. New Edition, revised bj W. 
Richards, C.£. Illustrated. 3s. 6d4 
li;. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fknwick. Also the ^Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic. Needle, and other 
Modem Improvements. By Thomas Hakhr, C.E. Illustrated, as. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By Davtd Stevenso?*, F.R.S.E., See. Plates and Diaprams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. Ths Art of Constructing Common Roads, by Hkitrt 
Law, C.E., revised and condensed by D. Kinnear Clark, C.K. ; II. Recent 
Practice, including pavements of Stone, Wood, and Aspbaltei by K« 
Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 

VILLAGKS. Comprisin{^ : — i. Some of the nore Common Forms cA 
Nuisance and their Kemcaies ; 2. Drainage ; %• Water Supply. A useful 
book for Members of Local Boards and Rural Saaitary Autbonties, Health 
OfHrers, Engineers, Surveyors, fittilders and Contractors. By Charip 
Slacg, A.I.C.K aCCdt IJmi^UsMU 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raisinjj 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. 
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE^ a Rudimentary l^eatise on. By Dr. 

Lardnrr. Illnstratrd. is. 6d. 

59. STEAM BOILERS: their Construction and Management. B/ 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rndimentaty Treatise 

on. By Sir Edmund Bbckbtt (late Edmund Beckett Denison, LL.D., Q.O* 
\K New, Revised, and considerably Enlarged Kdition (the 6th), with fwy 
numerous Illustrations. 4s. 6d. cloth limp: 5s. 6d. cloth boards, crilt. 

82. THE POWER OP WATER, as applied to drive Flour JUjUs, 

and to give motion to Turbines and other Hydrostatic Engines. By JOSIM 

Glynn, F.R.S^ 8cc. New Edition, Illustrated. 2s. t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Toots. Hy T. Bakbr, C.E. With Remailcs on Tools and Macbtneiy, by 

J. Nasmyth, C.E. Plates. 2s. 6d.t 
114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modern Machinery for 

diflferent Branches of Manufacture. By C.I>. Abel. C.E. is. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. £7 

T. Bakkk, C.E. Illustrated, is. 6a. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Taming. Filing, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Taoles, and Notes on Prin* 
Costs and Estimates. By Walter Graham. Illustrated. 2.%,% 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging ISfachin^S 
Bridges, Cranes, Ship-building, 8<r., 8cc. Jiy T- G, WiNTON. Illustrated, j^t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Actioa «l 

Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d X 

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Whed 

Gearing, Long and Short Driving Hands, Angular Forces. By JamiS 
Armour, C.E. A\"ith 73 Diagrams. 2s. (A.X 

167. THE APPLICATION OF IRON TO THE CONSTRUCTIOS 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected, as. 6d.t 

The % tndt'caies that these vols , may be had strangely bound at bd. extra. 
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Mechanical Engineering, etC| canHnued. 
171. THB WORKMAN* S MANUAL OF ENGINEERING 

DRAWING. By John Maxtox, Engineer, Instructor in EnginrcrinK 
Urawinf, Koyal Naval College, Greenwich. Third Edition* lUusUated 
with 7 Platw mod nearly 350 Woodcuts. 3s. 6d.t 
19a STEAM AND THE STEAM ENGINE, Stotionary and 

• Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.** 
liy D. KiNNiAR Clark, M.I.C.E*, Author of " Railway llachinery/' &c.. 
See. Second E^tion, revised. With nnmerotts Illnttrations. 3s. 6d.t 
200. FUEL, its Combustion and Economy ; being an' Abridgment of 

"A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
^C, W. Williams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economy of Fuel— Coal, Coke, Wood, Peat, Petro* 
Icum, See— by D. KlMNBAR ClARK, M.I.C.E. With numerous Illustrations. 
4s. od.l published. 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 

Comprising an Historical Sketch and Description of the Locomotive Engine 
by G. D. Dkmpsey, C E. ; with largo additions treating of the Modern Loco- 
motive, by D. Kjmnuar Clark, M.I.C.E. With numerous Illustrations, ^s.t 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, £TG. 
51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 

tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. Hy 
Tamis Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.J 

53*. Sim's FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
FlLDT, Surveyor of the Roysl Norwegian Navy, Wi£h an Appendix, is. 

53««. ANA TLAS OFENGRA VINGS to lUustrate the above. Twelve 

large foiling plates. Roj'al 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, Sec, relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By ROBBRT 
KiPPiNO, N.A. Fourteenth Edition. Illustrated. 2%.t 

54*. IRON SHIF'BUILDING. With Practical Examples and Details 

for the Use of Ship Owners and Ship Builders. By John Grantham, Cob* 
suiting Engineer and Naval Architect. ';th Edition, with Adtlitions. 4s. 

54*». AN A 2 LAS OF FOR TV PLA TES to Illustrate tlie above. 
Fifth Edition. Tncluding the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " l^cllerophon ; " H.M. Troop Ship "Serapis/* 
Iron Floating Dock, &c., ^c. 4to, boards. 38.S, 

55. THE SAILOR'S SEA BOOK: a Rudimentaiy Treatise on 

Navip^ation. Part I. How to Keep the Log and Work it off. Part II. On 

F'inding the Latitude and Longitude. By James Guhknwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals; the Kideof the 

Road at Sea; Rocket and Mortar Apparatus for S.ivin^^ Life; the Law of 
Storms: and a Brief Dictionary of J^ea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rossbr, Author of the "Deviation of the Comjiass con- 
sidered practically," Stc. 2S. 6d.t {'lust pubiisJicd. 

80. MARINE ENGINES, AND STEAM VESSELS, a licatisc 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in ti.e Royal and Merchant Navy. Hy Rohkrt Murray, C.E.. 
Engineer-Surveyor to the Board of Xrcide. With a Glossary of Technical 
Terms, and tlmr Equivalents in French. German, and Spanish. Seventh 
' Edition, revised and enlarged. Illnstrated. 5s.t 

The X indicates thai these vols, may he had strongly iound at 6d» extnh 
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Shipbuilding, Navigation, etc., continued, \ 
Z^bis. THE FORMS OF SHIPS AND BOATS: IBnte, ExperimeBl. I 
ally Derived, on some of the Principlet fegulatin^ Sliip-building. By W.I 
Bland. Seventh Edition, rcvised.with numerous Illustrations and Model$.is.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice* With Attempts to facilitate the Finding^ of the Time and tbi 
I^ongittide at Sea. By J. R. YouNO, ibnnerly Profiessor of TWalhfmaticiii 

, Belfast College. Illustrated. 28. 6d. 

106, SHIPS' ANCHORS, a Treatise on* By Georob Coisnit 

N.A. Illustrated, is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Eflfort of the Sails. Also, Weighti 
and Sizes of Ropes ; Masting, Riggingr» and Sails of Steam VeMd% &c., &c 1 
Tenth Edition, enlarged, with an Appendix. P.y RoBBKT Kmmo, NA, 

Sailmaker, Quayside, Newcastle. Illustrated. 2S.6d.i 

III. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Enginbbr. Reviaed by D. 
F. McCarthy, late of the Ordnance Survey Office, Southamptcm. js* | 

55 PRACTICAL NAVIGATION. Consisting of The Saflor's 

& Sea-Book. By James Greenwood and W. H. Rosser. Toother with 
the requisite Mathematical and Nautical Tables for the Working of 'the 
Problems. By Henry Law, C.E., and J. R. YonifO, Ibnnerly Professor of 
Mathematics in Belfast College. Illustrated with numerous WoodEngntv* ' 
ings and Coloured Plates, ts* Strongly half-bound in leather. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTR F, for the Use of Beginners. By Professor George 

FowNEs, F.R.S. WiUi an Appendix, on the Application of Chemistry to 

Agriculture, is. 

5. NATURAL PHILOSOPHY, Introdnctioii to the Study of; for 

the Use of Banners. By C. Tomlinson, Lecturer on Natural Sdeooaii 

King's College School, London. Woodcuts, is. 6d. 

4, MINERALOGY, Rudiments of ; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel I'lutcs. 3s. t 

6. MECHANICS, Rudimentaiy Treatise on; being a concise Ex- 

IK>rition of the General FScinciples of Medianical Science^ and their Applica- 
tions. By Charles Tomlinson, Lecturer on Natural Science in Jkiag'i 

College School, London. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to ^vbich it baa been appUeo* By Sir W. Snow 
Harris, F.R.S. , &c. With considerable Additiont \/f R. Sabimb, 

F.S.A. AV'oodcuts. is. 6d. 

7*, GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robbrt Satoib, CJU 

F.S A. Woodcuts, is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Majgnctical Science, and the Purposes to which it has been applied. 
l^y Sir W. Snow Harris. New Edition, revised and enlarged by 11. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts. 3s. 6d.t 

II, THE ELECTRIC TELEGRAPH; its History and Proeress; 
with Descriptions of some of the Apparatns. By R. Sabinb« C.E., FJ5 Jl., ftc 
Woodcuts. 3s. 

la. PNEUMATICS, for the Use of BeginnefS* By Chaslbs 

Tomlinson. Illustrated, is. 6d. 
Mr I'^ t tndtcaiet thai ih€*B vol** mn^ be hadtirmgly bound at CJ. xfr ;. 
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Physical Science, Natural Philosophy, etc., continued, 

72. MANUAL OF THE MOLLUSC A; a Treatise 011 Recent and 
Fossil Sh«lts. By Dr. S. P. WoODWAXD, AJL.S. With Appendix by 
Ralph Tatk, A.L.S., F.G.S. With nmneroot Plates and 300 Woodcuts. 

6s. 6d. Cloth boards, ys. fd. 

PHOTO GRAFHYy Ptpulir Treatise on; with a Description of 
• the Stereoscope, 8cc. Translated firom the French of D. Van Monckhoven, 
by W. U. Thorntuwaitb, Ph.D. Woodcuts. xs.6d. 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts. is.6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of HydrostaticSi Hydrodynamics, and 
Central I orccs. By T. Baker, C.£. is. 6d. 
138. TELEGRAPH, Plandbook of the; a Manual of Telegraphy, 

Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. ]iv K. lioNi). Fourth Jul ition, revised and 
enlarged: to which is appended, OUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
byW. McGregor, First Assistant Supnt, Indian Gov, Telegraphs, js.^ 

143. EXPERIMENTAL ESSAYS. By Charlbs Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. Historj'of thcModemTheorjof Dew. AVoodcuts. is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." J'.y Ralph Taxi:, A.L.S.,&c. Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

^ Historical. Partly based on Major-Gcncral Poktlock's ** Rudiments of 

174 Gcolog>'." By Ralph Tath, A.L.S., F.G.S., See, «cc. Numerous Illustra- 
*»* tions. In One Volume 4s. od.t 

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

jg^^ College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 

Sold also in Two Par is ^ as /allows .— 
183. Animal Phtsics. By Dr. Lasdnbr. Part !» Chapters I— YII. as. 
X84. Animal Physics. By Dr. Lardmvr. Part II., Chapters VIII— XVIU. ^s. 

MINING, METALLURGY, ETC. 
117. SUBTERRANEOUS SURVEYING, Elemental^ and Practical 

Treatise on, with and without the MagriCtic Needle. By Thomas Fenwicx« 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seddng:, Miningr, and Assaying Copper, and Manufacturing its Alloys. 

Bv Robert H. LAMnoRN, Ph.D. Woodcuts. 2S. 6d.t 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamhohx. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ANDER Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions, including the Electro-Deposition of Nickel, &c., &c. Woodcuts. 
3 s . i t published, 

17a. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by, which they are manufisctnzed ; thwr Special Uses, Anplica- 
tions, Qualities, and Efficiency. By William MORGANS, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.t 

I72*, MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 IllnstraHons of Mining Tools, drawn to Scale. 4to. 4s. 6d. ; 

cloth boards, 6s. 

t tndicaUt fkat ikete wit. may be kadttrtmf^y bound ai 6d. txinu 
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Mining, Metallurgy, etc., contmued» 
176. METALLURGY OF IRON^ a l^eatise on the. Containing 

Histoid of Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
iVocesses of Manufacture of Iron and Steel, &c. By H. Bauerman, F.G^ 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d4 

180. COAL AND COAL MINING, A Rudimentaiy Treatise on. 
By WAaiNOTOw W. Smyth. M.A., F.R.S^ &c., Chief Inspector of the 
Mines of the Crown and ot the Duchy of Cornwall. New Bdition, revised 

and corrected. With numerous Illustrations. 3s. 6d.t 

195. 77/^ MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing ^lineral 
Properties. By William Lintbrn, Mining and Ctvil Engineer. With 
four Plates of Diagrams, Plans* 8cc. is. 6d4 



AGRICULTURE, GARDENING, ETC. 

29. 77/^ DRAINAGE OF DISTRICTS AND LANDS. By 
G. Drysdaui Dkhvsby, €.£• lUostrated. it. 6d. 
V With " Drainage Tomm and BuOdingt*' m One Vol,, ^. 6d. 

63. AGRICULTURAL ENGINEERING: Fann Btiildings, Motive 

Powers and Machinery of the Steading, Field Machinee, and uaplenentl. 

By G. H. Andrews, C.E. Illustrated. 3s. 

66, CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, from £\ to 
per Qr. With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS, (Vol. i. OUTLINES 01 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. OuTUNBS of Modern Farming.) By R.Scott 
Burn. Woodcuts, .^s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burm. Woodcuts. 2s. 6a 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol* 4. Outumu 

OF Modern Farming.) Woodcuts. 2Si 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. OtnrtOfBS or MoDiiii 
Fauung.) By R. Scott Burn. Woodcuts. 2s. 6d. 
1^* Not* X40-1-2-5-6, in One Vol., handsomely half-bound, entitled "OuTUMISOf 
Modern Farming." By Robert Scott Burn. Price X2S. 

177. FRUIT TREES, The Scientific and Profitable Cultm-e of. From 
the French of Du Breuil, Revised by Geo. Glenny. xS; Woodcuts. 3s. txi.l 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C., &c. Fourth Editios, 
considerably enlarged; with numerous fine engraving^ iadodtaif iOBS 

specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with enltnral dlrecUont for the management of tlM 
all tlu> year round, l^y Gedrgk M. F. Glenny, Editor of " Glenny's Illus- 
trated Garden Almanack," and Author of ** Floriculture," &c. zs. 6d4 



77ie X indicates that the se voU, may be had eirongly bound at bd. exire, 
LONlX)N : CROSBY LOCKWOOD AND 00»| 

Digitized by Google 



weale's rudimentary series. 9 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

StuUcnts and Amateurs in Architecture, Painting,. &c. 13y GflORGl Pymi^ 

Artist. Woodcuts. 2s. 

40 GLASS STAINING ; or. Painting on Glass, The Art of. Com- 

& pn'sinff Directions for Prenarincr the Pigments and Fluxes, laying them upon 
the Glass, and Finng or Burning in the Colours. From the German of Dr. 

* " Cesser r. To wbiih is added, an Appendix on Thb Art op Enamkluno, 
&c., with Thk Art of Painting on Glass. From the Geman of Emamusl 
Otto From hero. In One V'olune. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Cuarlbs 
Child Spbncbr. is. 6d. 

181. PAINTING POPULARLY EXPLAINED, indnding Fresco, 

Oil, Mosaic, Water Colour, Watcr-Glass, Tempera, Encaustic. ISTiniature, 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, 8cc. With Historical 
Sketches of the Prosress of the Art by Thomas John Gullick, assisted by 
John Timds, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece 

and Vignette. «;s.t 

i86. A GRAMMAR OF COLOURING, applied to DecoraUve 
Paintins and the Arts. By Gbokob Fibld. Mew Edition, enlamd and 
adaptedTto the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidsoh. Author of " Drawing for Carpenters," &c. With two new 
Colonred Diagiaais and nnmerous Engravings on Wood. 33.^ 



ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on ; in which 
their Construction and the Methods of Testing, Adjusting, and Using them 
are concisely Explained. .'By T. F. Heather, M.A.. of the Royal MUitary 
Academy, Woolwich. Original Edition, in i vol., Illustrated, is. 6d. 
•0* In ordering the above^ be careful to say^ ** Original Edition^^* or give the number 
in the Series (32) to distinguish it from the Enlarged Edition in 3 f/ols, 
iNos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools an 4 
Private Students; also tor Practical I^nd Surveyors and Engineen. l>y 

T. Bakkk, C.E. New Edition, revised by EdwaRD NuoBNT, C.S* lUus* 

tratcd witli Plates and Diagrams. 2s. t 

(il^. READY RECKONER FOR THE ADMEASUREMENT OP 
LAND. By Abraham Arman, Schoolmaster, Thnrleigh, Beds. To which 
is added a "Table, showing the Price of Work, from 2s. 6d. to £1 per acre, and 
Tables for the Valuation of Land, from is. to £1,000 j^ex acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 
^6. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 

with a 'ITicory of Shadows and of Perspective, extracted from the French of 
G. MONCE. To which is added, a description of the Principles and Practice 
of Isomctrical Projection ; the whole being intended as an introducti<m to the 
Appru ation of lJ)cscriptive Geometry to various branches of the Arts* By 
T. F. llHATiiER, M.A. Illustrated with 14 Plates. 2S. 

i;8. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con* 
strurtion of the Ground. Ky J . F. Heather, M.A. With 215 Woodcuts. 2s. 
I79» PROJECTION : Orthographic, Topographic, and Perspective: 
givin>; the various diodes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By T. F. Hbathbr, VLJl, \In preparation* 

%• Tht above three volumes; wtll fomi a Complete Elbmbntaky Coursb of 

Mathematical Drawing. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

83. COMMERCIAL BOOK-KEEPING. With Commercial Thra^es 
and Forms in English, French, Italian, and German. By James Haddon, 
MUl.» Aritbmetical Master of King's College Scbool, Lon^ xs.6d. 

84* ARITHMBTIC^ a Riidimentary Treatise on : ^th foil Ezplana- 

tion<; of its Theoretical Principle?;, and numerous Examplcsfor Practice. For 
the Use of Schools and for Self- Instruction. By J. R. Young, late Professor 
of Mntfiematics in Belfast College. New Edition, vrith Index, zs. 6d. 

i|*«'AKsTto the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use d 

Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, appHed to Questions of Interest, 
85** Annuities, Life Assurance, and General Conmierce ; with various Tables by 

frtiich all Calcolations may be greatly facilitated. ^W.Hipsut. as. 

86. ALOEBRA, the Elements of. By Jaicbs Haddon, MJL, 

Second Mathematical Master of King's College School. With Appeadis, 
containing miscellaneous Investigationi^ and a CoUectioii of Ptooieois is 

various psurts of Algebra. 2s. 

06*. A Kbt AMD COKPANioif to the above Book, fbnnl n^ an extensive repesitoiy of 

Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instnc* 
tion. By J. R. Young, zs. 6d. 

88. BUCtJDf The EueBfBNTS of ; iKdth many additional Propositioos 

89. and Explanatory Notes : to which is prafixed^ an Intioductoiy JBssa^ ca 
Logic By Hbnry Law, C.E. 2s. 6d4 

Sold also separately f viz. :— 

88. Euclid, The First Three Books. By Hbnry Law, C.E. is. 

89. EucuD, Books 4, 5, 6, ix, 12, By Hbnry Law, C.E. is. 6d. 

9a ANALYTICAL GBOMBTRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James HANN,*late Mathematical Master of 
• King's College School. London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2S.5 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hamn. Revised by Charlbs H. DowLDr<^ C.B. is. 
V Or wiik " Tk£ Blemenit o/PUute TrigonomHfy^* it One Volmmt^ is. 

93. MENSURATION AND MBASURING, for Students and Pkac- 

tical Use. With the Monstiration and Levelling ot Land for the Purposes of 
Modem Engineering. By T. Bakbr, C.E. New Edition, with Correctioos 
and Additions by E. Nuobmt, C.B. Illustrated. zs.6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 

TIONS^ and an Analysis of tlie Christian, Hebrew, and MalMMnetSB 

Calendars. By W. S. Ji. Woolhouse, F.R.A.S., &c. is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS^ Ruunples on the. By James IIaioi, 

lateof King's College, London, niostnited. is. 

loi. DIFFERENTIAL CALCULUS^ Elements of the. By W. S. B. 
WooLBOUSB, FJELA.S., ftc. zs. 6d. 

105. MNBMONICAL LESSONS. ^ Gbombi&y, Algebra, akd 

Trigonometry, in Easy Mncmonical Lenons. By the Rev. THOMiS 

Penvngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self* 

Instruction. By jAMBS Haddon, MA. Revised by Abrabam Abmav. 

IS. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Armax. is. 6!. 
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Arltlimetlc, Geometry, Mathematics, e^.^c(mHnued. 

158. THE SLIDE RULE, AND HOW TO USE IT; containinj; 
fvXif easy, and .simple Instructions to perform all Business Calculations witfi 
unexampled rapidity and accuraqr* By ChASLIS HoASB« C*£« With A 

Slide Rule in tuck of cover. 3s. t 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying-, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Aritimietical Corapntations. Bv J. F. Hbathbr. M Jl» late of toe Roval 
Military Academy. Wooliricli, Aotfaor of " Descnptivtt Geometcy/' ate., te* 



Illustrated, is. 6a. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
Iqr Pbotograpby. By J. F. Hbatbbr, MJL IlliutiBted* zs.od« 

fjo. SURVEYING AND ASTRONOMICAL ZNSTRUMBNTS. 

Including — I. Instruments Used for Oetennining the Geometrical Features 
of a portion of Ground. II. Instrumcnt<; Employed in Astrcmomical Observa- 
tions. By J. F. Hbatuer, M.A. Illu:>trated. is. 6d. 

«* Tkt €ibove iknet vohtmei fmn an enlargement o/ike Auikm^s original work. 

** Maikentatical Insf7'7{rnrnts: their Construction fAdjusimcnf ^ Testing;, and Use^ 
the Blevenih Edition 0/ which is on sale, price is. Od. (See No. 32 in the Series.) 

j6S,^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 
169. r M JV.. Enlarged Edition, for the most part entirely re-wntten« The 3 Parts as 
tjo*} above^inOnetbickVolune. Witb numeroos lUBStrations. 4s«6d4 

185, TffE COMPLETE MEASURER ; setting forth the Measure- 

ment of Boards, Glass, &c., &c*; Unequal-sided, Square-sided, Octagonal- 
lided, Round Timber and Stone, ana Standinj^ Timber. With a Tablo 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
tided column. Compiled for Timber-growers, Mercbants, ana Survc\ ors. 
Stonemasons, Architects, and others. By Richard Horton. Xhird 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations o£ 
Interest, Discoont, Ansnities, 8^. By FiooR Tbomaiv, of the Soci6t6 CiMit 
Mobilier, Paris. 4s. t 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O'GoRMAN. Twenty-fitth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfiut College* 3i4 

204. MATHEMATICAL 7!«^^Z.S5;ibrlVi0Oiiometricd, Astronomical, 

and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hhnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Youno, formerly Professor of Matho- 
amtics in Belfast Collide. New Edition. 31. 6d.$ . Jmit^lUML 



MISCELLANEOUS VOLUMES. 

«6. A DICTIONARY OF TERMS used in ARCHITECTURE^ 
BUILDING, ENGINEERING, MINING, ME TALL URGY, ARCHM- 
OLOGY, the FINE ARTS, &*c. By John Wbalb. Fifth Edition. Revised 
by ROBBRT Hunt, F.R.S., Keeper of Mining Records. NnmefOos Blas- 

trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER^ 
VICES. By David Gibbons. Third Edition, revised and considerably 

enlarged. 3s.t 
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Miscellaneous Volumes^ eonimuid, 

112. MANUAL OF DOMESTIC MEDICINE. By R, Goodimo, 
B.A., M.D. Intended as a Family Guide in all Cases of Accide&t and 

Emergency. 2s.t 

112». MANAGEMENT OF HEALTH. A Manual of Home a&d 

Personal Hygiene. By the Rev. James Baird, li.A. is. 
150. LOGICy Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY, With 
an Explanation oi the Mode ot Transacting Business on the Slock Exchange. 
By Francis Playvoro, Sworn Broker, ss. 6d. 

SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2$. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emiprration. With Hints on Prcpar.'iticm fur 
Emigrating, Outfits, &c., &c. With Directions and Kccipcs usclul to the 
Emigrant. With a Map of the Worfd. ss. 

157. THE EMIGRANTS GUIDE TO NATAL. By ROBBRT 
Ja^iks Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 

the present Date. Map. 2S. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparinr for ntnnotion, and especially adapted to tlis 

requirements of Beginners. By Major W. W. KNOLLYS, FJR..G.S.a 93fd 

Sutherland Highlanders, &c. With 163 Woodcuts. 354 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookerjr, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-orewing 

and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, Sec. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK i^The), Convprising : — I. The House Manager. 
112 l^y »n Olo Housbksbpbr. II. Dombstjc Mbdicini. \\y Ralph Gooding, 
M.D. III. MANAf^EMENT OF Hbalth. By Jambs Bairo» In One Vol^ 
^ strongly ball- bound. 68. 
II2*. 



EDUCATIONAL AND CLASSICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 
reference to tbe Origin and Progress of the finglish Constitution. A Test 
Book for Schools and Collej^es. liy William Douglas Hamilton, F.S.An 
of Her Majesty's Public Record Office, li'ourth Edition, revised. Mapi 
and Woodcuts. 5s. ; doth boards, 6s. 

5. Greece, Outlines of the History ofj in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward LsvuVy M^A., of Balliol 
College, Oxford. 2S. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, ss.6d. ; cl. bds. js.6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to tlic Conclusion of the Franco-German 
War. The Continuation by W. D. Hamilton, F.SJV., of Her Alaje^ty's 
Record Office* 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 
The X ittdicaiet thai ikett vott. may b€ hadtirongly bound ai axtnu 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Fhilologj. By Hydb 
Clarke, D.C.L. Third Edition. is.6d. 

II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portugueie Tongues. By HvDi Clarki, D.C.L. xs. 

12, Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo "Words. l?y ilYnp. Ct.arke, D.C.T.. 
3s. 6d. ; cloth boards, 4s. 6d.; complete with the Grammar, cloth hds., 5s. od. 

48. Composition and Punctuation, familiarly Explained for 

those who have tteglectad the <Stadj of Gnumnar. By Justin Brbnaw. 

i6th Edition, zs. 

49. Derivative Spelling-Book ; Giving the Orif^in ofEvery Word 

from the Greek, Latin, Saxon« German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with tiieir present Acceptation and Pronunciation. 
By J. RowBOTHAM, F JLA.S. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Virar-Genrr.1l and Professor at the 
Sorbonne. Translated from the French. Sixth Ldition, carcluUy corrected. 
St. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Hook of, for Schools. By J. H. COLLINS, F.G.S., Lectoittr to 

the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Public and Private Examinations. By the Rev. kdoam 
Rand, B.A. is. 

54. 'Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink, Practical Chemist, 8cc., and Georgb 
£. Wbbstbr, Lectttxer on Mstallnrgy and the Applied Sciences, Motting- 
ham. ss« 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Rcnuircmcnts of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Intsoductory PumR, yi. 

First Standaxd • .06 Fourth Standard . ••12 
Second • • o 10 Fifth • • • i 6 

Third ..10 Sixth ,, •.•16 

Lessons from thb Bibli. Part I. Old Testament, is. 

Lessons from tri Bibls. Part II. New Testament, to which is added 

The Giior.RAPHV op thb Bible, for very young Children, liy Kcv. C. 

TuoRNiON Forstbr. ZS. 2d. '^a* Or the Two Parts in One Volume. 2s. 



FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French ffouns. By G. L. Strauss, Ph.D. is. 6d. 
♦5. French-English Dictionary. Comprising a large number of 
New Terms used in Engineering, Mining, on Railways, &c. By Alfrbd 
Elwbs. is. 6d. 

26. English-French Dictionary. Bjr Alfrto Elwks. 2s. 
,26. French Dictionary (as above). Complete, in One Vol., 3s, ; 
dofth boaids, 3s. U. %* Or with the Grammar, cloth boaids, 4s. 6d. 
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French, continued. 
47. French and English Phrase Book : containing Intro- 

duciory L«sioii^willi luramslationSy tor the convenience oi Students : several 
Vocabularies of wocdib a CoUectioii of toitaUe PIuuml and Sasv Faailiar 
Dialggues. 

GERMAN. 

39. German Grammar. Adapted for English Students, fii 

Heysc's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors oi Germanv ; with Notes, Philological and Ex- 
planatoiy. ByG. L. Strauss, FhJD* xs» 

41. German Triglot Dictionary. By Nicholas £sxbrhazt, 

S. A. HAMU.TON. Parti. English-Gerraan-French. is. 

42. German Triglot Dictionary. Part IL Getman-French- 

English. IS. 

43. German Triglot Dictionary. Part HL French-German- 

English. xs« 

41-43. German Triglot Bletloxiary (as above), in One Vol., 3s.; 

dotb boards, 4S. %* Or wHh the QaaMaw GnAMMAa, doth boards, 51/ 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. ByAxntBO Blwis« zs. 

28, Italian Triglot Dictionary, wherain die Genders of all the 

Italian and French Noun!; arc careraUy notod doiRI* Qy AUNKBD SlWIS* 

Vol. I. Italian-English-French. 2S. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

Eaglish-French-Italian. as. 

32. Italian Triglot Dictionary. By AintED Elwes. Vol. 3. 

French-Italian-English. as. 

28,30, Italian Triglot Dictionary (as above). la One VoL, 6b. 

3S. doth boards, 7s. 6d. 



SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form, With 

aCotuseof SxerdieB. 1^ Alfrbd Blwbs. zs.6d. 

35. Spanish-English and Enxrlish^-Spanish Dictionary. 

Includi n a 1 a rge number of TcchnicalTemis nsed in Mining, Engineerinf, 

with the proper Accents and the Gondor of every Noun. Hy Alfred Slwis. 
4s. ; cloth boards, ss. *«• Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Esceidses. By ALntao Blwis^ Author of "A Spaaiib 
Grammar," &c. xs.6d« 



HEBREW. 
46*. Hebrew Grammar. By Dr. Brbsslau. is. 6<3. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing t]u> Hebrew and Chaldee Roote of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. \* Or with the GsAMMAK, JU 

46. English and Hebrew Dictionary. By Dr. BJUESSUU. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., oomplete. with 

46». the Grammar, cloth boards, zas. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementaiy 

Pnnciplcs of Translation and Con'^truction. 15v i!u> Rev. THOMAS GoODWIN, 

M.A., Head Master of the Greenwich Proprietary Scliool. is. 

20. Latin-English Dictionary. By tlie Rev. Thomas Goodwin, 

M.A. 2s. 

«2. English-Latin Dictionary; together with an Appendix of 

ironch and Italian Words which have their onm htm the Latm. By tiw 
Rev. Thomas Goodwin, M.A. is. 6d. 

to,22, Lratin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
clothboaidt,4s.6d. V Or with the OaAmua, cloth boudt, 5s. tid. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authois, 

with Genealogical Vbcabdarias and Ezplanatoiy Notes, by H. Yomio. ts* 

2. Caesaris Commentarii deBeUoGallico. Notes, and a Geog»pldcal 

Register for the Use of Schools, by H. Young. 2s. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Ezplanatoiy and CnticaL by the &ev. 
Jambs Davhs. UJl. xt. 

13. Ciceronis Orationes in CatOlnain. Verrem, et pro Archia. 

TVlth. Introduction, Analysis, and Notes Kzplanatofy and Critical, by Rev. 
T. H. L. LaARY, D.C.L. ibnnerly Scholar of Biaaeaoso College, Oxfnrd. 
I8.6d. \jfustpubliiked, 

14. Ciceronis Cato Major, Lselins, Brotos, sive de Senectnte, de Ami- 

citia, de Claris Oratonoos Dialoai. Witii NotM by W. BaowMRiQO Skrb. 

M.A., F.R.G.S. 2S. * 

3. Cornelius N epos. With Notes. By H. Young, is. 

6. Horace; Odes, Epode, and Carmen Saxulare. Notes by H. 
YouHO. xt.6d. 

7* Horace ; Satires, Epistles, and ArsBoetica* Notes by W. Brown- 

RiGO Smith, MJL, Fjk.G.S. is. 6d. 

21. Juvenalis Satine. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A., Lecturer on Logic at Kinp's Collccfc, London. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. SiilXH, 

MA. Part z. Books i., ii., zs. 6d. 
i6*. — — - Part 2. Books iii., iv., v., zs. 6d« 

17. Part 3 Books xxi., xxii., is. 6d. 

S. Sallustii Crispi Catalina et Bellum Ju^urthinum. Notes CritiGal 

and Explanatory, by W. M. Donne, B,A., Trin. Coll., Cam. is. 6d. 

10. Terentii Adelplii, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M J)l. 2s. 

9. Terentii Andiia et Heautontimommenos. With Notes, Critical 

and Ezplanatoiy, \ts the Rev. Jambs Davibs, MA. xs. 6d. 
IX* Terentii Ennnchns, Comoedia. Notes, by Rev. J. Davibs, M.A. 

zs. 6d. 

4. Vlrgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by \V. RusiiTOX, M.A., and on the Gcorgics by H. Young, is. 6d. 

5. Yirgilii Maronis ^neis. With Notes, Critical and Explanatory, 

by H. YouNO. New Edition, levited and inmroied. With copious Addi- 
tional Notes by Rev. T. H. LLbARY, D.CX», lonner^ Scholar ot Brascnose 
College, Oxford. 3s. Vl}^^ published. 

S' ^— — Part I. Books i.— vi., zs. 6d. i*"' published, 

^ , M ■ Part s. Books vii.^xii., ss. [Jusi publuh&d* 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2t. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Aptueius, ac. Notesby W.B. DowNB, M.A. ss.. 

7, STATION£RS' HALL COURT, LXJDGAT£ HILL, £.a 
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GREEK. 

14, Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. Bv Hams 
Claudb Haikltok. is.6d. . ' «y«Aw 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Sifirnifications, Tnf!octions, and Doubtful Quantities. By Hbnry R 
Hamilton. Vol. i. Greek-English, 2s.; Vol. 2. £nglUh-Greek, m, Ortha 
Two Vols, in One, 4s. : cloth boards, 5s. » v« 

1 4. 1 5. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authois. 

JOMJI 

30. uEschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explaaatorr. 
by the Rev. Jambs Davibs, MA. xs. 

32. ^schylus : Septem Contra Thebes : The Seven against Thebes. 

From the Text of Dindorf. Edited, with English Notes, Critical and Es- 

. planatory, by the Rev. Jamhs Davibs, M.A. is. 

4a Aristophanes : Acharnians. Chiefly from the Text of C. H. 
Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by Jomr Milnbr, B.A zs. 6d. 

S3. Euripides : Hecuba and Medea. Chiefly torn the Text of Din- 
dorf. With Notes, Critical and Ezplaoatonr, by W. Brownrioo Siarrit. 

M.A., F.R.G.S. xs. 6d. * 

4- 17, Herodotus, The History of, chiefly after the Text of Gaisford. 

Wtlih Pkieliminanr Observations and Appendices, and Notes, Critical and 

Eaplanatory, by T. H, L. Lkary, M.A., D.C.L. 

Part X. Books i., ii. (The Clio and Euterpe), 2s. 

Part s. Books iii., iv. (The Tftalia and Melpomene), 2s. 

Part 3.^ Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

5- 12. Homer, The Works of. According to the Text of Bakumlei'n. 

With Notes, Critical and Esplaaatoiy^ drawa from the best and latest 
Authorities, with Prelisninaty ObfervattODS and Appendices, by T. H. L. 
Lba&y, M.A., D.C.L. 
The Iliad : Part t. Books i. to Ti., xs.6d. Part 3. Books xiii. to xviii., xs. 6d. 

Tart 2. l^ooksvii.toxii., xs.6d. Part 4. Books xix. to xxiv., xs. 6d. 
Thb Odyssey: Part i. Books i. to vi., IS. 6d Part 3. Books xiii. to xviii., xs. 6d. 

Part 2. Books vii. to xii., xs.6d. Part 4. Books xix. to xxiv., and 

Hymns 2s. 

4. Lucian's Select Dialogues. The Text carefully revised, ^th 

Grammatical and Explanatory Notes, by H. YouxG. is. 6d. 

13. Plato's Dialogues; The Apology of Socrates, the Crito, and 
the Phacdo. From the Text of C. F. Hermann. Edited with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

18. Sophocles: Clidipus Tyrannus. Notes by H, YoUNG. is. 

20. Sophocles : Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milnek^.A. 2s. 

41. Thucydides ; Histoiy of the Pelopoimesiaii War. Notee by H. 

Young. Book i. is. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geoeraphical Register^ by H. Youno. Part x. Books i. to iii., 
xs. Part s. Books iv. to vii., tt. 

43. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by ll. F. W. Jkwiti. is. 6d. 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With Engrlish Notes. By Rev. T . H. L. Leary, D.C.L., formerly Scholar ol 
Brasenosc College.. Oxford. 1$. 6d. [yusi Publ£s/Ud„ 
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